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NOTE. 


THE considerable bulk of the annual volume of 7ransactions has induced the 
Publication Committee to direct that the full list of members of the Society 
should be omitted from the preliminary matter therein. The list which would 
have been published in this volume is that which was corrected up to July, 1897, 
and which was issued at that time in pamphlet form as a second edition of the 


Eighteenth Catalogue. The following summary records the number of members 
in each grade : 


Honorary Members............... 
Members...... 


Total Membership. ............... 1,799 


* These Life Members are included in the total membership above, in the class to whieh 
they belong. 
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RULES OF THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 


Art. 1. The objects of the American SocreTy of MECHANICAL 
ENGINEERS are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of profes- 
sional papers, and to circulate, by means of publication among 
its members, the information thus obtained. 

Art. 2. All persons connected with engineering may be eli- 
gible for admission into the Society. 

Art. 3. The Society shall consist of Honorary Members, 
Members, Associates, and Juniors. 

Art. 4. Honorary Members, not exceeding twenty-five in 
number, may be elected. They must be persons of acknowl- 
edged professional eminence. 

Art. 5. To be eligible as a Member, the candidate must be 
not less than thirty years of age, and must have been so 
connected with engineering as to be competent as a designer 
or as a constructor, or to take responsible charge of work in 
his department, or he must have served as a teacher of engineer- 
ing for more than five years. 


Note.—The Rules of the Society, adopied in 1880, were in force until 1884, 
when they received a general revision by a careful committee, whose report, dis- 
tributed by letter ballot, was adopted November 5, 1884. In December, 1894, 
a similar extensive revision was made under direction of the Council, and the 
present rules are those of 1894. They include the amendments made in 1889, 
1891, and 1893, which were the only changes since the revision of 1884, 
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Art. 6. To be eligible as an Associate, the candidate must 
be not less than twenty-six years of age, and must have the other 
qualifications of a member ; or he shall have been so connected 
with engineering as to be competent to take charge of work, 
and to codperate with engineers. 

Art. 7. To be eligible as a Junior, the candidate must have 
had such’ engineering experience as will enable him to fill 
a responsible position, or he must be a graduate of an engineer- 
ing school. 

Art. 8. All Honorary Members, Members, and Associates 
shall be equally entitled tothe privileges of membership. Jun- 
iors shall not be entitled to vote, nor to be officers. of the 
Society. 

Art. 9. Nominees for Honorary Membership must be pro- 
posed by at least five Members who are not officers of the 
Society. References shall not be required of a nominee for 
Honorary Membership, but the grounds upon which the appli- 
cation is made must be fully set forth in writing and signed by 
the proposers. | 

Art. 10. A candidate for admission to the Society, as a 
Member or as an Associate, must make an application on a form 
to be prepared by the Council, which shall contain a written 
statement giving a complete account of his engineering ex- 
perience and an agreement that he will, if elected, conform 
to the laws, rules, and requirements of the Society. He must 
refer to at least five Members or Associates personally known 
to him. A candidate for admission to the Society as a Junior 
must make an application on the same form and refer to not 
less than three Members or Associates personally known to 
him. 

Art. 11. The referees for each candidate for admission to 
the Society shall be requested to make a confidential communi- 
cation on a form to be prepared by the Council, setting forth in 
detail such information, personally known by the referee, as 
shall enable the Council to arrive at a proper estimate of the 
eligibility of the candidate for admission to the Society. Such 
confidential communications shall be destroyed by the Secretary 
as soon as the vote has been officially declared. 

Art. 12. All applications for membership must be presented 
to the Council, and this body shall consider each application, 
assigning to each, with the applicant’s consent, the grade in 
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the Society to which, in its opinion, his qualifications entitle 
him. The names of those candidates recommended for election 
by the Society shall be immediately printed on a ballot, and the 


‘ballot mailed at once by the Secretary to each voting member 


of the Society. Persons desiring to change their grade of 
membership from junior to associate or from associate to 
member shall make an application in the same manner and on 
the same form as that required for a new applicant. 

Art. 13. A member entitled to vote may leave the name of . 
any candidate on the ballot untouched to vote in favor of the 
admission of the candidate to the Society, or he may erase the 
name to vote against it. He shall enclose the ballot so 
approved by him in a sealed blank envelope, and enclose this 
envelope in a second envelope, on which he shall write his 
name, and mail the same to the Secretary of the Society. A bal- 
lot without such endorsement shall be rejected as defective. 
The rejection of a candidate by seven voters shall defeat his 


election. 


Art. 14. The aforesaid envelopes containing the ballots shall 
be opened by the Council, at any meeting thereof, and the names 
of those elected shall be announced in the next meeting of the 
Society. The names of applicants not elected shall not be an- 
nounced, nor recorded in the proceedings. 

Art. 15. Endorsers of any applicant not elected may, within 
three months after such failure to be elected, lay before the 
Council written evidence that an error was then made. The 
Council may then, by a three-fourths vote, order another similar 
ballot by the Society, in which case thirteen negative votes shall 
be required to defeat the candidate. 

Art. 16. Honorary members shall be elected by the unani- 
mous vote of the Council, through a:letter ballot, not less than 
sixty days subsequent to the proposal, a notice of which pro- 
posed election shall have been mailed at once by the Secretary 
to each member of the Council. 

Art. 17. Each person elected, excepting honorary members, 
must subscribe to the Rules of the Society, and pay the initia- 
tion fee before he can receive a certificate entitling him to the 
rights and privileges of the Society, and to wear the emblem 
appropriate to his grade. If this payment is not made within 
six months of the election, the same shall be void, unless the 
time is extended by the Council. The emblems of each grade 
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of membership shall be worn by those only who belong to that 
grade. 

Art. 18. The initiation fee of a member or an associate shall 
be twenty-five dollars, and the annual dues shall be fifteen dol- 
lars, payable in advance. The initiation fee of a junior shall be 
fifteen dollars, and his annual dues ten dollars, payable in ad- 
vance. A junior being promoted to any other grade of member- 
ship shall pay an additional initiation fee of ten dollars. Any 
member or associate may become a Life Member in the same 
grade, by the payment of two hundred dollars at one time, and 
shall not be liable thereafter to annual dues. 

The Council shall have the power, for special reasons, by 
unanimous vote, through a letter ballot, to admit to life member- 
ship, without the payment of the sum above named, such person 
as for a long term of years has been a member or an associate, 
when such a procedure would in its judgment be for the best 
interests of the Society ; provided that notice of such action shall 
have been given at a previous meeting of the Council. 

Art. 19. Any member of the Society in arrears may, at the 
discretion of the Council, be deprived of the publications of the 
Society, or, when in arrears for one year, he may be stricken 
from the list of members. Such person may be restored to the 
privileges of membership by the Council on payment of all 
arrears. 

Art. 20. The affairs of the Society shall be managed by a 
Council, consisting of a President, six Vice-Presidents, nine 
Managers, and a Treasurer, who shall also be the Trustees of 
the Society. 

All past (ex) Presidents of the Society, while they retain 
their membership therein, shall be known as Honorary Coun- 
cillors, and shall be entitled to receive notices of all meetings of 
the Council and may take part in any of its deliberations ; they 
shall be entitled to vote upon all questions except such as affect 
the legal rights or obligations of the Society or its members. 

Art. 21. The members of the Council shall be elected from 
among the members and associates of the Society at the annual 
meetings, and shall hold office as follows: 

The President and the Treasurer for one year; and no person 
shall be eligible for immediate re-election as President who shall 
have held that office for two consecutive years; the Vice-Presi- 
dents for two years, and the Managers for three years; and no 
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Vice-President or Manager shall be eligible for immediate re- | 
election to the same office at the expiration of the term for which 
he was elected. 

Art. 22. A Secretary, who shall be a member of the Society, 
shall be appointed for one year by a majority of the members of 
the Council at its first meeting after the annual election, or as 
soon thereafter as the votes of a majority of the members of the 
Council can be secured for a candidate. The Secretary may be 
removed by a vote of twelve members of the Council, at any 
time after one month’s notice has been given him by a majority 
of its members to show cause why he should not be removed, 
and he has been heard to that effect. The Secretary may take 
part in any of the deliberations of the Council, but shall not 
have a vote therein. His salary shall be fixed for the time he 
is appointed by a majority vote of the Council. 

Art. 23. At each annual meeting, a President, three Vice- 
Presidents, three Managers and a Treasurer shall be elected, 
and the term of office of each shall continue until the end of the 
meeting at which their successors are elected. 

Art. 24. The duties of all officers shall be such as usually 
pertain to their offices or may be delegated to them by the 
Council or by the Society. The Council may, in its discretion, 
require bonds to be given by the Treasurer. 

Art. 25. The Council may, by vote of a majority of all its 
members, declare the place of any officer vacant, on his failure 
for one year, from inability or otherwise, to attend the Council 
meetings, or to perform the duties of his office. All such va- 
cancies and those occurring by death or resignation shall be 
filled by the appointment of the Council, and any person so ap- 
pointed shall hold office for the remainder of the term for which 
his predecessor was elected or appointed; provided that the 
said appointment shall not render him ineligible at the next 
annual meeting. 

Art. 26. Five members of the Council shall constitute a 
quorum. Members of the Council absent from a meeting may 
vote by letter upon subjects stated in the call for the meeting, 
said vote to be deposited with the Secretary. 

Art. 27. The President on assuming office shall appoint a 
Finance Committee and a Publication Committee and a Library 
Committee of five members each. The appointment of two 
members of each Committee shall expire at the end of each 
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year. The Secretary shall, ex officio, be a member of all three 
committees. 

Art. 28. The Finance Committee shall have power to order 
all ordinary or current expenditures, and shall audit all bills 
therefor. No bill shall be paid except upon their audit. When 
special appropriations are ordered by the Society, they shall 
not take effect until they have been referred to the Council and 
Finance Committee in conference. | 

Art. 29. It shall be the duty of the Publication Committee to 
receive all papers contributed, and to decide upon which papers 
or parts of the same shall be presented at the professional 
meetings of the Society. They shall see that all editorial revi- 
sions of the proceedings, papers, discussions, and reports are 


’ made; and to decide what parts of the same shall be published 


in the proceedings of the Society, The Council may at its dis- 
cretion revise any action of the Publication Committee. 

Art. 30. It shall be the duty of the Library Committee to take | 
charge of the collection of all material for the Library of the 
Society, and to supervise all regulations for its use. 

Art. 31. At the regular meeting preceding the annual meet- 
ing a nominating committee of five members, not officers of the 
Society, shall be appointed, and this committee shall, at least 
thirty days before the annual meeting, send to the Secretary 
the names of nominees for the offices falling vacant under the 
rules. In addition to such regularly appointed committee, any 
other five members or associates, not in arrears, may constitute 
an independent nominating committee, and may present to the 
Secretary, at least thirty days before the annual meeting, all the 
names of such candidates as they may select. All the nanies of 
such independent nominees shall be placed upon the ballot 
list, with nothing to distinguish them from the nominees of the 
regular committee, and the Secretary shall at once mail the said 
list of names to each member and associate in the form of a 
letter ballot, it being understood that the assent of the nominees 
shall have been secured in all cases. 

Art. 32. In the election of Vice-Presidents, each member and 
associate may cast as many votes as there are Vice-Presidents 
to be elected. He may give all these votes to one candidate, or 
distribute them among more, as he chooses. Managers shall be 


voted for in the same way. 


Art. 33. Any member or associate entitled to vote may vote 
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by retaining or changing the names on said list, leaving names 
not exceeding in number the officers to be elected, and return- 
ing the list to the Secretary—such ballot inclosed in two 
envelopes, the inner one to be blank and the outer one to be 
indorsed by the voter. No member or associate in arrears 
since the last annual meeting shall be allowed to vote until said 
arrears shall have been paid. 

Art. 34. The said blank envelopes shall be opened by tellers 
at the annual meeting, and tae person who shall have received 
the greatest number of votes for the several offices shall be de- 
clared elected. 


MEETINGS. 


Art. 35. The annual meeting of the Society shall be held on 
the first Tuesday in December of each year, in the City of 
New York, unless otherwise ordered, at which a report of pro- 
ceedings and an abstract of the accounts shall be furnished by 
the Council. The Council may change the place of the annual 
meeting, and shall, in that case, give timely notice to members 
and associates. 

Art. 36. Other regular meetings of the Society shall be held 
in each year at such time and place as the Council may appoint. 
At least thirty days’ notice of all meetings shall be mailed by 
the Secretary to members, honorary members, associates and 
juniors. 

Art. 37. Special meetings may be called whenever the Coun- 
cil may see fit; and the Secretary shall call a special meeting 
at the written request of twenty or more members. The notices 
for special meetings shall state the business to be transacted, 
and no other shall be entertained. 

Art. 38. Any member, honorary member or associate may 
introduce a stranger to any meeting; but the latter shall not 
take part in the proceedings without the consent of the meeting. 

Art. 39. Every question which shall come before the Society 
shall be decided, unless otherwise provided by these rules, by 
the votes of a majority of the members and associates present, 
provided there is a quorum. 

Art. 40. At any regular meeting of the Society thirteen or 
more members and associates shall constitute a quorum. 
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Art. 41. Unless otherwise ordered, papers’ shall be read in 
the order in which their text is received by the Secretary. 
Before any paper appears in the T’ransactions of the Society, a 
copy of the paper shall be sent to the author, and, so far as 
possible, a copy of the reported discussion shall be sent to 
every member who took part in the same, with requests that 
attention shall be called to any errors therein. 

Art. 42. The Society shall claim no exclusive copyright in 
papers read at its meetings, nor in reports of discussions, 
except in the matter of official publication with the Society’s 
imprint, as its Transactions. The Secretary shall have sole 
possession of papers between the time of their acceptance by 
the Publication Committee and their reading, together with the 
drawings illustrating the same ; and at the time of such reading, 
or as soon thereafter as practicable, he shall cause to be printed, 
with the authors’ consent, copies of such papers, “ subject to re- 
vision,” with such illustrations as are needed for the Tvansac- 
tions, for distribution to the members and for the use of technical 
newspapers, American and foreign, which may desire to reprint 
them in whole or in part. The policy of the Society in this 
matter shall be to give papers read before it the widest circula- 
tion possible, with the view of making the work of the Society 
known, encouraging mechanical progress, and extending the 
professional reputation of its members. 

Art. 43. The author of each paper read before the Society 
shall be entitled to twelve copies, if printed, for his own use, 
and all members shall have the right to order any number of 
reprints of papers at a cost to cover paper and printing ; pro- 
vided, that said copies are not intended for sale. 

Art. 44. The Society is not, as a body, responsible for the 

statements of fact or opinion advanced in papers or discussions, 
at its meetings; and it is understood that papers and discus- 
sions should not include matters relating to politics or purely 
to trade. 
- Arr. 45. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present; provided, that 
written notice of the proposed amendment shall have been 
given at a previous meeting. 
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DCXCIX. 


PROCEEDINGS 


OF THE 


NEW YORK MEETING 


(XXXIVth) 


OF THE 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 


December 1st to December 4th, 1896. 


Tue seventeenth annual meeting of the Society (being also the 

thirty-fourth convention) was convened in New York city on 
_. ‘Tuesday, December 1, 1896, in the auditorium of the Society 
house. It was early evident that an unusually large attendance 
was to be expected, and before the hour set for the president’s 
opening address the rooms were full. 

The meeting was called to order about nine in the evening by 
President John Fritz, who, after a few words of greeting, delivered 
his address, entitled “The Progress in the Manufacture of Iron 
and Steel in America, and the Relations of the Engineer to It.” 
It was illustrated by models of the tools used in the lathe which 
had been built to handle massive ingots and forgings as compared 
with the old hand-tool, which Mr. Fritz had himself used, before 
the slide-rest was introduced, and when he was an apprentice lad. 
The end of the hall behind the speaker was covered by a full-size 
drawing of the modern large lathe with a full-size ingot in place. 
After the reading Messrs. Jaques, Carnegie, Hunt, Wellman, Kent 
Forsythe, and Stirling spoke in complimentary reference to the 
American progress in steel-making and Mr. Fritz’s relation to it. 

Messrs. Bonner and Rockwood were appointed tellers by the 
chair to count the ballots cast for officers of the Society for the 
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coming year, and to report at the business session on the follow- 
ing morning. A social reunion of members followed the adjourn- 
ment. 

Srconp Day. Wepnespay, DrecempBer 2p. 


The regular sessions of the annual meeting began with the 
session of this morning, at ten o’clock, in the auditorium. The 
registration of members indicated that the size and numerical 
success of the meeting were to be phenomenal. The plan was 
again adopted of numbering the lines on the official register, and 
providing that a monogram button badge worn at the convention 
should bear a number corresponding to the number on the register. 
Fresh reprints from the official register were distributed every 
morning, giving the latest additions, and thus it will be seen that 
every one could immediately ascertain the name of every one else 
without the embarrassment of a direct question to this end, and 
the practical result showed that the meeting was one of the most 
successful on the social side that had ever been held. The register 
showed the following persons in attendance from the list of mem- 
bers. The total registered, including guests, was five hundred and 
forty-six. 
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Reist, H. G. 
Rettew, Chas, E. 
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Towne, Henry R. 
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Williams, Franklin. Wood, Matthew P. Wyman, H. W. 
Williams, Howard E. Woodbury, C, J. I. Yereance, Wm. B. 
Willis, Ed. J. Woolson, Ira H. York, H. W. 
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The first business of the General Session was the Annual 
Reports of the Council and the Standing Committeés, which 
were read by the Secretary as follows: 


ANNUAL REPORT OF THE COUNCIL. 


The Council must begin the Annual Report to the Society, of 
business which has been transacted during the Society year, by 
referring to the loss which has been experienced in the death of 
one of the members of the Honorary Council, past President 
J. F. Holloway. The minute passed by the Council at its first 
meeting subsequent to Mr. Holloway’s death is as follows : 


IN MEMORIAM. 


The American Society of Mechanical Engineers desires to 
place upon the records of the Society and of its Council a 
minute expressive of the sense of personal loss and sorrow 
which its members feel upon the death of Mr. J. F. Holloway, 
member of the Society and Past President. 

Mr. Holloway had been one of the charter members of the 
Society, connecting himself with it in 1880, and had been the 
moving spirit in the conduct of one of its most successful meet- 
ings of those early years—that in the city of Cleveland, in 1883. 
The Society, recognizing his ability as an engineer and execu- 
tive, made him its choice to the office of president for the term 
1884-85, and his wise counsel and enthusiastic interest in the 
Society and its welfare made his service among the Board of 
Honorary Councillors an opportunity for enlisting his codpera- 
tion in much that has concerned the growth of the Society 
during the time since 1889. In addition, he had been a trusted 
member of the Finance Committee of the Society during the 
time of his residence in New York City. 

The formal mould of resolutions does not seem to fit a proper 
voicing of the spirit which pervades the Society at the death of 
one whom its members had grown to know so well, and particu- 
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larly whom they had learned to respect and love asa man. The 
singularly sound judgment, his business and professional expe- 
rience, his unfailing tact and unselfish devotion to the interests 
of engineering and those who professed it, and above all his 
self-effacing consideration for others, made him one whom the 
Society will most profoundly miss. 

While strangers can with but bated breath refer to the nearer 
and closer loss which has come to the members of Mr. Hollo- 
way’s family, the members of the Council would yet venture to 
tender their heartfelt sympathy in the bereavement which his 
death has caused. 

. Resolved, That the Secretary be directed and requested to arrange for a session, 
outside the regular series, to be provided at the annual meeting, at which an 
opportunity may be given to the friends of Mr. Holloway to give voice to the 
feeling of loss and esteem which they would desire to record. 

. Resolved, That copies of the proceedings of that Memorial Session and of the 


action of the Council be sent to the family of the late Past President, J. F. 
Holloway. 


The Council has held five meetings during the year for the 
transaction of the regular routine business and the considera- 
tion of new matters affecting the policy of the Society. The 
routine business has been the consideration of blank applica- 
tions for membership and the grading of such applicants pursu- 
ant to the provisions of the Rules and the judgment of the 
Council in applying them. The membership of the Society, 
including those passed for ballot previous to this annual meet- 
ing, is as follows: 


The Council has received many applications from libraries of 
technical schools and public libraries for the receipt of its vol- 
umes of 7’ransactions as a gift for use in their reference depart- 
ments. The Council has felt desirous of meeting the wishes 
embodied in these requests, in view of the benefits which the 
papers of the Society may be expected to confer and the advan- 
tage of being well and favorably known among the users of such 
collections. The difficulty, however, of meeting the very con- 
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siderable cost which such gifts would entail has compelled the 
Council to an increasingly conservative attitude in these matters, 
and in most cases the form of request which it has been possible 
to grant has been one in which the library requests the privilege 
of purchasing the back sets of the volumes of Transactions at the 
rate usually given to members of the Society joining recently 
and desiring to make their set complete from the beginning. 

The Council has accepted an invitation, presented by the 
Superintendent of Buildings of New York City, requesting that 
this Society, should appoint a committee of three to assist in the 
revision in progress in 1895-96 of the building laws of the city. 
This committee consisted of Messrs. H. R. Towne, C. W. Hunt, 
and 8. W. Baldwin, and the compliment was paid to the com- 
mittee of the Society that the chairman of the committee should 
have been chosen among its number, and that much of active 
and most creditable work in the proposed revision of the build- 
ing laws has originated from these gentlemen. 

The Society has also been requested to send a delegate to 
the National Conference on Standard Electrical Rules, with a 
view that such delegate should represent the Society until 
further notice in any revisions of such rules that may be called 
for. Mr. C. J. H. Woodbury, of Boston, was the choice and 
appointee of the Council. 

‘The Council took up in the spring the question of cooperating 
through the individual effort of the members in the movement 
to secure for the naval engineers of the United States such 
recognition as should in some way be commensurate with the 
responsibility which they bear in modern warships. The action 
of the Council in this respect was a memorial to Congress 
transmitted to the Committee on Naval Affairs of each house, 
and a circular letter sent to the membership requesting their 
personal and individual codperation. Copies of these papers 
are appended to this report. 

The Council has also considered a request that the influence 
of the Society be enlisted to promote the legislation provided in 
what was called the Dayton-Hale bills, proposing to establish 
engineering experiment stations. It was the opinion of the 
Council that it was not wise to establish a large number of 
smaller experiment stations in engineering matters, but rather 
that to have a few large ones specially well equipped for their 
purpose was the wiser direction of policy. 


a 
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The Council has appointed a committee to prepare such 
material as may be necessary, which may be used in opposition 
to legislation seeking to make the Metric System and its use 
compulsory in the United States. The Council has appointed 
as such committee Messrs. Coleman Sellers, John E. Sweet, 
Charles T. Porter, George M. Bond, and Coleman Sellers, Jr. 
There is also lying upon the table the proposition for the 
Council to appoint a committee to consider and report a satis- 
factory classification and index system in the field of engineering. 

Through the kindness of Mr. D. N. Melvin, member of the 
Society, a linoleum for the approach to the Auditorium has 
been specially manufactured for the hallway, and presented to 
the Society. It embodies a design which includes the Society’s 
emblem with its initials, and is a unique specimen of such work. 
Suitable recognition has been sent to Mr. Melvin and to the 
American Linoleum Manufacturing Co. 

The Council has considered the invitation presented by the 
Engineering Association of the South to hold its meeting in 
May, 1897, in the city of Nashville, and the invitation extended 
by members of the Society to meet at that time in the city of 
Milwaukee, Wisconsin. It has seemed best for the Council to 


decide to meet in an Eastern city, and the invitation to meet in 


Nashville has therefore been politely declined, with thanks. 
The Council announces, therefore, that the spring meeting of 
1897 will probably be in Hartford, Connecticut. 

The Council would also report for record the deaths, since the 
last annual meeting, of the following persons: 

D. K. Clark, January 22d; Nat. W. Pratt, March 10th; A. 
Plamondon, February 19th; Frank Cawley, April 6th; A. H. 
Smith, April 24th; W. W. Smith, July, 1896; J. F. Holloway, 


' September 1; E. S. Cronise, September 19th ; S. D. Locke, Octo- 


ber, 1896; Jos. S. Ludlam ; Levi K. Fuller, October 10th. 


APPENDIX. 

April 11, 1896. 

To SENATOR SQUIRE, OF WASHINGTON, AND TO Hon. FRANCIS WILSON, OF 
New YORK, AND TO THE CHAIRMAN OF COMMITTEE ON NAVAL AFFAIRS. 


Dear Sirs: The American Society of Mechanical Engineers has a membership 
of about eighteen hundred, embracing a large number of the most eminent engi- 
neers of the country, many of whom were in the naval service during the late 
war. 

Its governing body, or Council, has had its attention called to bills now before 
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Congress, known as the Wilson-Squire bills, which have for their object and aim 
a reconstruction of the rules and regulations which govern the corps of engineers 
in the United States Navy. As American engineers we are deeply interested in 
the development of our new Navy, and are especially desirous that in its person- 
nel it shall be the peer of any afloat, as it is in design, construction, and equip- 
ment. With a view of contributing to the passage of the bill referred to, to the 
extent of their influence, the following action was had at a meeting held in this 
city, April. 8, 1896 : 

Whereas, It is apparent that rules and regulations formulated years ago, when 
the steam engine on naval vessels was but an auxiliary to sails, are not only 
unsuited to present conditions (from which sails and sailors as such have utterly 
passed away, while the steam engine with enormously increased capacity has 
become the sole motive power), but are in their operation positively injurious and 
detrimental to the highest efficiency and usefulness of the navy ; 

Therefore, be it resolved, That the Council of the American Society of 
Mechanical Engineers heartily indorse any action which may be taken in Con- 
gress or elsewhere which, on the lines laid down in what are known as the Wilson- 
Squire bills, has for its aims the remodelling and readjustment of the rnles and 
regulations which govern the duties and establish the status of the naval engi- 
neer, to the end that they may more nearly accord with the increased skill 
required of him, and the increased care and responsibility now resting upon him. 


On behalf of the Council, 
JOHN Fritz, President. 
[Copy from the records. ] 


The interest of the individual members of the Society in the 
matter had been solicited by a circular whose purport is as follows: 


To the Members of the American Society of Mechanical Engineers : 


While it is not the province and certainly not the wish of the Council to in- 
fluence members in matters not directly connected with the welfare of the Society, 
it has been deemed proper and wise to call your attention as citizens and engi- 
neers to the bills now before Congress known as the ‘‘ Wilson-Squire Bills,” 
Senate No. 735, House of Representatives No. 3618. These have for their object 
and aim a revision of the rules and regulations of the navy as they affect the 
authority and status of the engineers : first, by an increase of the number of the 
corps, which shall be in proportion to the increase of naval vessels ; second, the 
admission of graduates from civilian engineering schools to the corps ; third, the 
establishment of an engineering experimental station ; and, finally, the transfer 
to the Engineer Corps of certain engineering duties now in other hands. 

As is doubtless known to you, there have been no important changes in these 
Tules as they relate to engineers since the time when steam was introduced into 
the navy as a mere auxiliary or an aid to the sail. It is scarcely necessary to 
remind members of our profession of the great difference which exists between 
the naval vessels of to-day as compared with those of the time referred to, nor to 
explain how in so many ways the duties, cares, and responsibilities of those 
who are in charge of the immense and complicated machines which fill them 
have been enlarged, increased, and intensified. ; 

It would be unpatriotic and unwise for any one to foster or encourage differ- 
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ences among naval officers which simply refer to precedence and rank, irrespec- 
j tive of responsibilities. It is, however, in the opinion of your Council, not only 
; proper but the duty of every one, and especially so of the engineers of our coun- 
| * try, by all proper means to bring their individual influence to bear upon those 
| whose province it is to make the laws of the land, urging them so to amend the 
4 rules and regulations of the navy that they shall conform to existing conditions, 
1} and shall accord to the Engineer Corps a rank and a position which will corre- 
7; spond with the responsibilities now resting upon them, due to the great changes 
if which have taken place in the construction and equipment of our new navy. 
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Should the matter thus briefly referred to commend itself to your good judgment, 

you can greatly aid in bringing about this desired result by at once addressing a 

1 letter to the Senator from your State, and the Representative from your district, 
requesting their aid in passing the bills above referred to. In so doing you will 

‘ay not only confer a benefit upon our brother engineers in the navy, but you will 

| contribute in bringing the profession of engineering into greater prominence the 

i world over. 

| As this bill is likely to be called up at any time, prompt action only will be 

of service, 

On behalf of the Council, 

| 


JOHN Fritz, President. 
F. R. Hutton, Secretary. 


im The Council would also present for record the report of its 
ai tellers to count the ballots cast for members at the canvass made 
just previous to the Annual Meeting. The report is as follows: 


REPORT OF THE TELLERS OF ELECTION. 


The undersigned were appointed a committee of the Council 
to act as tellers (under Rule 13) to scrutinize and count the bal- 
lots cast for and against the candidates proposed for membership 
in the American Society of Mechanical Engineers, and seeking 
election before the Thirty-fourth Meeting, New York, 1896. 

They have met upon the designated day, in the office of the 
Society, and have proceeded to discharge their duty. They would 
certify, for formal insertion in the records of the Society, to the 
election of the persons whose names appear on the appended 
list, to their respective grades. 

There were 492 votes cast on the pink ballot, of which 17 were 
thrown out because of informalities (the members voting having 
neglected to indorse the sealed envelope). 


Cnas. H. Lorine, 


Joun C. Karer, Tellers of Election. 
‘Frank H. Batt, 
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ELECTED AS MEMBERS. 


Ardell, Robert. Gates, A. J. Rix, E. A. 

Clarke, C. M. Kenrick, A. E. Robinson, H. 8. 
Davis, C. E. Manning, H. G. Rosing, Wm. H. V. 
Evans, H. O. Muir, J. J. Stumpf, John. 
Felthousen, J. H. Noyes, Wm. 8. Wallace, Jos. D. 
Germann, J. G. Parker, L. H. Woodward, Dan. C. 


ELECTED .AS ASSOCIATES. 
Forstall, W. Loveland, J. W. Scott, Jas. B. 
Williston, A. L. 


PROMOTED TO FULL MEMBERSHIP. 


Case, T. N. Smith-Whaley, W. B. 
Lidgerwood, Wm. V. Willis, E. J. 


ELECTED AS JUNIOR MEMBERS. 


Bailey, T. 8. Freed, G. F. Reid, E. 8. 

Braine, B. G. - -..+ Gibson, J. E.. .. ; Schaeffer, L. C. T. 

Child, E. T. Lowell, J. W. Sickles, E. C. 

Craine, J.-J. - Monroe,. W. 8. Vaux, Wm. §., Jr. 
Reed, 8S. G.. 


At the close of the Report of the Council, the second order of 
business was the Report of the Finance Committee, which was as 


ANNUAL REPORT OF THE FINANCE COMMITTEE OF THE AMERICAN 
‘SOCIETY OF MECHANICAL ENGINEERS, 1895-1896. 


The Finance Committee of the American Society of Mechanical 
Engineers would respectfully report to the Council the following 
statements of the receipts and expenditures on behalf of the So- 
ciety, under their direction during the year from November, 1895, 
to November, 1896. 


ANNUAL REPORT. 
Receipts. 


848 05 


Sales of Publications 


__1,214 20 

2 25 

482 00 

$26,907.02 


13 

Carried $26,007 02 
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Accounts, Cash. Bonds. 

Postage and Express...... ......... 
Interest on Investments. 
House Supplies and Furniture.............. ere 
Cash on hand first of 285 86 


$28,954 83 $200 00 $29,154 83 


Disbursements 
General Printing and Stationery. $2,009 27 
Investment Bonds received as above... 200 00 
Library (Book Purchase, Binding, etc.).............:.eceseeceeeeeees 807 22 
Work of Committee. .............. 441 30 
$29,154 83 


The receipts on account of Life Membership during this year 
were $715 * ; $515 of this amount being cash and $200 bonds 
of the Mechanical Engineers’ Library Association, which were 
received as cash in payment for such Life Membership. 

Of the issue of bonds in 1890 of the Mechanical Engineers’ 
Library Association, which amounted to $32,000, the Council of 


* One member, not a resident of the United States, has made a partial payment 
only towards his Life Membership taken near the end of the fiscal year; the 
transaction is unfinished. : 
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the Society, as Trustees, held November 15, 1895, at the time of 
the last report of the Finance Committee, $20,000, and during 
the year 1895-96 the Council has acquired $700 additional bonds 
($500 by purchase, $200 by surrender for a Life Membership), 
thus making the total of these bonds held by the Council at this 
date $21,600 ; adding to which the $200 of these bonds bought and 
held by the Mechanical Engineers’ Library Association, makes a 
total of $21,800, and leaves $10,200 of them still outstanding in 
the hands of members. _ 

At the end of the year 1894-95 there was an outstanding in- 
debtedness against the Society of $4,192.85, which indebtedness 
had been carried since the year after the Columbian Congress at 
Chicago in the form of a running account with the Society’s 
printer, and was due to the unusual expense incurred for publi- 
cations during that year. The Finance Committee takes pleasure 
in announcing that this indebtedness has been entirely wiped out, 
and is included under the proper headings in the statement. 

At the date of this report there remained outstanding uncol- 
lected accounts due the Society as follows : 


129 members owe for dues, publications, $2,557 10 


6 non-members owe for publications (all recent accounts).......... 23 85 
Total amount uncollected.......... pittanikehniewkhddtaakamenmarGane $2,580 95 


Of the 129 members owing this $0, 57. 10, eighteen owe small 
amounts for publications only recently sent to them, and of the 
remaining 111 men whose accounts are open, letters have been re- 
ceived from sixty saying that they would either remit shortly, by 
a fixed date, or else for valid reasons asking for an extension of 
time to meet their indebtedness, which has been granted. This 
leaves only fifty-three persons who have not been heard from with 
respect to meeting the accounts against them for this year. 

An indebtedness against the Society amounting to $885.30 
remains at this date, part of which is chargeable to the expenses 
of the next fiscal year, and will be at once met from the dues of 
the year 1896-1897. 


LIBRARY ASSOCIATION. 


COPY OF THE ANNUAL REPORT OF THE TRUSTEES OF THE MECHANICAL 
ENGINEERS’ LIBRARY ASSOCIATION, 1895-1896. 


The summary of receipts and disbursements of the Trustees 
from November 19, 1895, to November 16, 1896, is appended. 
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H Receipts. 
q Balance on hand first of year, 1895-96. ..........0.cseeeeceeseeeeees $637 66 
A Receipts, Fellowship Fund............cccccccccccscecsces $274 00 
Interest on Investment............. 25 00 
-$5,641 09— 5,641 09 
Book Purchase. 64 08 
Total Disbursements... + «$6,230 37—6,230 87 
Cash on hand to 48 38 
Assets. 
He. House and lot, 12 W. ‘Bist Street, New York City udebe $65,000 00 — 
i Bills Receivable (Office and Room Rent, uncollected).... 286 42 
(Subscription to Fellowship Fund, un- 
(Sinking Fund Subscription, uncol- 
1 hi Second Mortgage held by Trustees as‘an Investment,. 200 00 
#1120 42—$81,120. 42 
First Mortgage held by N.Y. A. of $83,000 00 
Second Mortgage held by Members of the A..S. M. E.... 10,200 60. _ 
Second Mortgage Bonds held by t the Couneil of the A, S. 
M. E. as an Investment. 21,600 60 
“Total Liabilities $64,800 00— 64,800 00 


Excess of Assets over Liabilities... G16,820 42 
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The President.—The next business is the report of the commit- 
tee to consider and to report on Standard Methods for Testing 
Boilers. 

Dr. Charles E. Emery.—This committee is simply prepared to 
report progress. After consultation with members present, it 
seems desirable to make a brief statement of the work which the 
- committee is doing. The principal question which has arisen is the 
desirability of comparing the performances of boilers by efficiency ; 
that is, if there be a certain number of thermal units in the coal 
as determined chemically or by burning it in an oxygen calorim- 
eter, and a certain less number of thermal units be practically 
obtained by a boiler test, the relative economy may be expressed 
by the division of the first by the second; that is, the efficiency 
shows the proportion of the total calorific value of the fuel which . 
is utilized in the boiler. The idea is so fascinating that some mem- 
bers of the Society consider there should be no other standard, 
On investigation, however, there are many difficulties in establish- 
ing such a standard. For instance, it is found that the calorific 
value derived either by computations based on the elementary 
composition of the coal or by directly burning a sample in oxygen 
has not, in all cases, proved to be directly proportional to the 
evaporation which can be practically derived from the coal. 
Again, the apparatus available for making tests is not so generally 
known as to insure positive identity of result when samples of the 
same coal are tested by different observers. Again, for commer- 
cial purposes the information sought is the cost of water evapo- 
rated into steam, stated in terms of the weight of a particular kind 
of coal available in the market, and the statement of efficiency 
does not convey this information. : 

There is still another point. If we compare the results of an 
evaporation test, either by the coal or by the combustible con- 
sumed, we naturally wish to make a comparison of efficiencies on 
the same basis. Since, however, the efficiency is the quotient 
arising from the division of the results of an evaporation test by 
those obtained by analysis or a calorimeter test, a little thought 
will show that when the refuse found for the evaporation test and 
for the analysis or calorimeter test is the same, as it should be, 
the efficiency per pound of coal will be the same as per pound of 
combustible whether the refuse be five per cent., twenty-five per 
cent., or any other percentage. On the other hand, the evap- 


oration results will ‘vary with the percentage of refuse. It is 
2 
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therefore difficult to understand what the efficiency means in such 
cases, and evidently it cannot be directly compared with the 
‘ results obtained by evaporation tests. This may explain why it 
has been found in certain cases that lump coal has a low efficiency 
and a high evaporation compared with slack coal from the same 
source. It is impossible here to go fully into details, but you will 
see that very important questions have arisen. Such questions 
are being discussed by correspondence addressed to the chairman, 
who in turn sends copies to the other members of the committee 
for examination and such further discussion as desired. The 
committee is working earnestly to settle the matter, and as soon 
as an agreement can be reached by its members a report will 
be promptly formulated and forwarded to the Society. 


The next business in order was the report of the Society’s pro- 
fessional Committee on Standard Methods of Test, which was 
presented by Mr. Henning, as follows: 

Mr. Gus C. Henning.—The committee has at this time only a 
report of progress to make. Probably at the next meeting of the 
Society we may be able to present a conclusion embodying the 
results of the tests on cast iron. The committee has been ham- 
pered in its work by the illness of two of its members. 


The Secretary read the report of the tellers appointed at the 
meeting last evening to count the ballot for officers. They re- 
ported as follows : 

Your committee appointed as tellers of election to count ballots 
for officers of the American Society of Mechanical Engineers for 
the year 1896-97 begs to submit the following report: 
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Of the latter number there were cast— 
For Mr. Worcester R. Warner, for President................00.0+ 


A. Wells Robinson, for Manager ..........0..seeeeeesees 


Ballots thrown out on account of 
494 
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Our count therefore shows that the entire regular ticket was 


elected. 
Respectfully, 


Wa. T. Bonner, 


Geo. I. Rocxwoon, t Tellers of Election. 


The Secretary read a letter from Mr. Albert Ladd Colby, Sec- 
retary pro tem. of the Association of American Steel Manufac- 
turers, reporting their action in the matter of the use of a decimal 
gauge for thickness. The letter was as follows: 


THE BETHLEHEM IRON COMPANY, 
SoutH BETHLEHEM, Pa., November 13 1896. 
Pror. F. R. Hutton, 
SECRETARY AMERICAN SocrETy OF MECHANICAL ENGINEERS, 
12 West Turrty-First, NEw YorK Crry. 


DEAR Str: At the meeting of the Association of American Steel Manufacturers 
held in New York on October 23, 1896, the following resolutions were passed : 

1. Resolved, That we, the Association of American Steel Manufacturers, 
indorse the Decimal System * as the proper standard for measuring all materials. 

2. Resolved, That the Secretary be requested to forward a complete copy of 
the Committee’s report, together with a copy of these resolutions, to the Secre- 
taries of the American Institute of Mining Engineers, the American Society 
of Civil Engineers, the American Society of Mechanical Engineers, and the 
American Railway Master Mechanics’ Association, as an evidence of the apprecia- 
tion of the work accomplished by these societies towards the establishment of 
the Decimal System of Gauging, and as a proof of the hearty codperation of this 
Association in this movement. 

In the absence of the Secretary, the writer was made Secretary pro tem., and 
encloses a copy of the Committee’s report on Gauges in accordance witli the 
above resolutions, As an evidence that this indorsement of the Decimal Sys- 
tem of Gauging carries considerable weight, the following list of members of the 
Asso¢iation is quoted : 


The Bethlehem Iron Co., 
Cambria Iron Co., 
Carbon Steel Co., 


The Carnegie Steel Co., Ltd., 


Catasauqua Mfg. Co., 
Central Iron Works, 
Cleveland Rolling Mill Co., 
Colorado Fuel & Iron Co., 
Glasgow Iron Co., 

Illinois Steel Co., 

Jones & Laughlins, Ltd., 
Lukens Iron & Steel Co., 


Otis Steel Co., Lid., 
Pacific Rolling Mill Co., 
Paxton Rolling Mills, 
Park Bros. & Co., 

Passaic Rolling Mill Co., 
Pennsylvania Steel Co., 
Pottstown Iron Co., 
Pottsville Iron & Steel Co., 
Reading Rolling Mill Co., 
Schoenberger Steel Co., 


Spang Steel & Iron Co., 
Worth Brothers. 


Please acknowledge the receipt of this communication, and also bring the reso- 


* This refers to the system of thickness gauging recommended by a commit- 
tee of the A. S. M. E., in which the ‘“‘ number” of the gauge was that giving the 
number of thousandths of an inch measured by the plate. 
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lutions passed by our Association to the attention of the members of your Society 
at their next regular meeting. 
Yours truly, 


(Signed) ALBERT LADD COLBY, 
Secretary pro tem., 
A. A. 8. M. 


The Secretary announced that the report referred to in the 
above communication had been filed in the archives of the So- 
‘ciety, and that no action was called for by the Society. -No new 
business being presented, the professional papers were taken up in 
their order. 

The first was the paper contributed by Sir Henry Bessemer, . 
Honorary Member of the Society, entitled “ An Historical and 
Technical Sketch of the Origin of the Bessemer Process.” This 
paper was presented by Prof. R. H. Thurston, at his request, who 
spoke in its presentation concerning his feeling that such an oppor- 
tunity was a privilege, and read an extract from a letter of the 
author in which he suggested that by reason of advancing years 
it might be that this was the last paper which he would present 
to any technical association of engineers. In the discussion which 
followed, Messrs. Durfee, Stirling, Hunt, Kent, and Fritz took 

art. 

: A paper of historical interest by Mr. William T. Bonner, on 
“ Ancient Pompeiian Boilers,” was discussed by Messrs. Suplee 
and Durfee. That by Prof. C. V. Kerr, on “The Moment of 
Resistance,” was discussed by Messrs. Grey and Greene. That 
by Francis H. Boyer,on “Work done Daily by a Refrigerat- 
ing Plant, and its Cost,” was discussed by Mr. Richmond. 

The final paper of the session was that by Prof. R. H. Thurs- 
ton, on the “ Promise and Potency of High Pressure Steam,” dis- 
cussed by Messrs. Johnson, Boyer, and Sweet. 

It had been recommended by the Council that opportunity 
should be given at some time during the continuance of the annual 
meeting for the friends of Mr. J. F. Holloway, Past President of 
the Society, who had endeared himself to a large number in the 
membership by his personal character and qualities, to join in 
a tribute to his memory. It was thought advisable that this 
should not be made a feature of any regular session, but should be 
a voluntary affair held at an hour otherwise unassigned. It 
seemed convenient to select the afternoon of Wednesday for this 
purpose, and accordingly this extra session was convened at three 
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o'clock, with Prof. John E. Sweet in the chair. It was opened by 
a short memorial paper by Prof. F. R. Hutton, and afterwards 
those who had expressed their wish to take part spoke as the 
occasion moved them, or as their feelings were stirred by the 
remarks of others. Those who contributed to the subject were: 
Messrs. John Stanton, John Fritz, R. W. Hunt, W. R. Warner, 
J. H. Snow, Hosea Webster, S. T. Wellman, J. S. Lane, C. E. 
Emery, John Platt, W. S. Rogers, E. H. Mumford, J. D. Cox, 
H. G. Torrey, J. M. Cremer, J. T. Hawkins, J. B. Edson, Allan 
Stirling, and John E. Sweet. 

The extra session was attended by a considerable number, and 
was marked by sincerity and earnest feeling. 


Tuirp Sxssion. Tuurspay, 3p. 


The session was called to order by President Fritz at ten a.m. 
The papers of the morning were by Messrs. F. R. Jones and A. L. 
Goddard, entitled “ Experimental Investigation of the Cutting of 
Bevel Gears with Rotary Cutters”; by Mr. J. A. Laird, entitled _ 
“The Calibration of a Worthington Water Meter”; by Mr. 
Francis Schumann, entitled “ Contraction and Deflection of Iron 
Castings”; by Mr. John W. Seaver, on “A 200-foot Gantry 


Crane”; by J. V. Shaefer, on the “ Washing of Bituminous Coal 
by the Luhrig Process” ; and by Prof. C. H. Benjamin, on “ Fric- 
tion H. P. in Factories.” 

The paper on castings was discussed by Messrs. Gobeille, 
Henning, Richards, Kent, Hawkins, Brashear, Fritz, Webster, 
Johnson. The paper by Mr. Seaver was discussed by Messrs. 
Clements, Schumann, Oberlin Smith, Gobeille, Henning, and that 
by Mr. Benjamin by Messrs. Manning, Curtis, Rockwood, Oberlin 
Smith, Pearson, Stetson, Goetze, Greene, Fry, Bardwell, and 
Johnson. 

The subject of shrinkage and other peculiarities of cast iron was 
deemed of so important a character that it was the sense of those 
present that it would be desirable that the subject should be con- 
tinued by the presentation of Mr. Schumann’s paper a second 
time, or that another paper should be presented which should 
serve as a starting point at the next meeting. 


Fourts Srssion. TuourspAay Evenrna. 


President Fritz called the meeting to order at 8.30 p.m. The 
three papers of the evening were to be those by Mr. F. A. Halsey, 
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on “Some Special Forms of Mechanical Computers”; by Mr. 
M. P. Wood, on “ Rustless Coatings for Iron and Steel ” ; and by 
Mr. H. M. Lane, entitled “ A Method of Shop Accounting to Deter- 
mine Cost.” 

Mr. Wood’s paper was discussed by Messrs. Sabin, Spillsbury, 
Boyer, Christie, Nichols, Kent, Henning, Lane, Torrance, and 
Emery. That of Mr. Lane was discussed by Mr. Rogers, and the 
suggestion was offered that its importance was sufficient to war- 
rant its being continued with a view to further discussion at a 
later meeting, as in the case of the paper by Mr. Schumann. The 
evening ended by a presentation by Mr. H. de B. Parsons of the 
report of the Society’s Committee on the Testing of Fire-proofing 
Materials. This was illustrated by lantern slides, and was made 
very full and complete. 


Firra Sxsston. Frmay Mornine, DecemBer 41H. 


The papers of the session were by Mr. W. W. Christie, on the 
“Efficiency of the Boiler Grate”; by Mr. R. S. Hale, entitled 
“ Efficiency of Boiler Heating Surface” ; by Prof. W. F. M. Goss, 
entitled “Paper Friction Wheels”; by Frank H. Ball, entitled 
“Steam Engine Governors”; by George W. Colles, Jr., entitled 
‘Metric vs. the Duodecimal System”; and by Leonard Waldo, 
entitled “ Aluminum Bronze Seamless Tubing.” 

The paper by Mr. Christie was discussed by Messrs. Curtis, 
Kent, and Le Van. That by Mr. Hale was discussed by Messrs. 
Rockwood, Clinton, Kent, Pearson, Willis, Le Van, Cary, and 
Platt. That by Mr. Ball was discussed by Messrs. Halsey and 
Richards. That by Mr. Colles by Messrs. Kent, Waldo, Fair- 
banks, Willis, Rohrer, Rockwood, Roberts, Henning, Schumann, 
and Sweet. That by Dr. Waldo was discussed only with ques- 
tions from Messrs. Cary and Walworth. 

The following letter was read, presenting to the Society a 
model of one of the earliest Dudgeon hydraulic jacks. The jack 
and a cut showing it in section accompanied the letter. 


NEw York, December 3, 1896. 
THE PRESIDENT AND MEMBERS OF THE AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS : 

It affords me pleasure to place in the custody of this Society the first hydraulic 
jack which was ever built, so far as known, together with a sectional view print- 
ing block ; and, in accordance with request as to its history, I would say that the 
original designer of it, Mr. R. Dudgeon, was, in about 1850, a lounger in the 
drug-store of my stepfather, Mr. E. Lyon, and while there expressed the opinion 
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that he could get up, as he called it, a hydraulic press for lifting stone. Explain- 
ing his idea to Mr, Lyon, he was set at work by him to develop the idea, and if 
successful the tool was to be patented in joint ownership. This patent was 
taken out in 1851. I at one time heard a rumor that there were two of these 
jacks made at the same time, and that its duplicate was burned in the Crystal 
Palace fire, but I cannot at this date obtain any verification of the story. It will 
be observed that this tool is made from common gas-pipe, and has an independent 
piston-rod for lowering. To one acquainted with the jack of the present time, 
the main principles will be seen to have been covered in this original invention. 
The block, it will also be observed, was evidently made before the copper-covered 
electrotypes were in use. There are in this jack, however, two small interior 
pieces at the present time which were not in the original. The original pieces 
were lost in our shop about five years ago by my partner, who cared nothing in 
particular about the tool. These have been replaced by duplicates. 

If at any future time it is desired by the Society to place their historical 
articles in the keeping of other organizations, permission is given for them to 
do so. Yours, 

THE WATSON-STILLMAN Co., 
F. H. Stmiman, Proprietor. 


At the close of the reading, Mr. Henning moved that the Society 
extend to Mr. Stillman a vote of thanks for his presentation of 
a matter of historical interest such as this to the Society. The 
motion, being seconded, was carried unanimously. There being 
no new business presented, and the hour of adjournment having 
arrived, the President spoke of his desire to thank the members 
for the confidence which they had shown in him, and for the indul- 
gence which had been accorded him in all his contact with the 
official duties of his term. 

It was announced that the spring meeting of 1897 was to be 
expected in the city of Hartford at such time as might be found 
convenient, and on motion the convention adjourned. 


Following the usual custom, the afternoons of the days allotted 
for the annual meeting were left without assignment, for the 
members to be permitted to use the afternoon in the furtherance 
of their own business and pleasure. Several small parties were 
made up, pursuant to special invitation, to visit the power-houses 
of the Electric Light and Compressed Air Street Railway systems, 
and other points of general or miscellaneous interest. 

On the evening of Wednesday a public reception by the New 
York members, for the entertainment of their visiting guests, was 
convened at Sherry’s, Thirty-seventh Street and Fifth Avenue, 
and was very largely attended. The retiring and incoming Presi- 
dent received the members, and following the reception, dancing 
and general social opportunity filled the evening after supper. 
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DCC.* 


REPORT OF PROGRESS OF THE COMMITTEE ON 
FIREPROOFING :TESTS. 


Notr.—The following pages are the text of a Report of Progress made by a joint 
committee (upon which the American Society of Mechanical Engineers is officially 
represented) to the several bodies which created these committees. It is not to 
be considered as final in any sense, but is given at a regular meeting of the 
Society with a view not only for record, and to make the investigation accessible 
to members, but also, and most of all, to elicit in discussion and by contributed 
comment the criticism of engineers upon the work thus far done, and suggestions 


for future work. 
H. DE B. Parsons, t Representatives of the American 


THoMAs F. ROWLAND, Jr.,) Society of Mechanicul Engineers. 


BULLETIN NO. 2. 


THE COMMITTEE ON FIREPROOFING TESTS. 


Room 104, 22 Wi1uLi1am STREET, 
New York, July 27, 1896. 
No. 2. 


To tHe Tarirr AssociaATION oF New YorK, THE ARCHITECTURAL 
LEaGUE oF NEw YoRK, AND THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 


Gentlemen :—Your joint committee takes pleasure in sub- 
mitting to you a report of work done to date. As you will 
remember, we, the undersigned, were appointed a joint com- 
mittee to investigate and test methods of fireproofing structural. 
metal in buildings, and to obtain data for standard specifications. 

Your committee, after having effected its own organization, 
determined to add to its numbers by the creation of an advisory 
board. This step was taken for the purpose of more widely 
increasing the interest taken in the experiments, and also to 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
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prevent, as far as possible, the impression that the work was of 
a sectional or local character. The names of the gentlemen who 
accepted invitations to serve on this advisory board are as 
follows : 


Edward Atkinson, President Boston Manufacturers’ Mutual Fire Insurance 
Co.; Osborne Howes, Secretary Boston Board of Fire Underwriters ; Charles A. 
Hexamer, Secretary Philadelphia Fire Underwriters’ Association ; H. H. Glidden, 
Manager Chicago Fire Underwriters’ Association; W. Martin Aiken, Supervis- 
ing Architect United States Treasury Department, Representative Illinois 
Chapter American Institute of Architects ; Stevenson Constable, Superintendent 
of Buildings, New York ; George B. Post, New York Chapter American Institute 
of Architects; F. H. Kindl, Structural Engineer Carnegie Steel Co.; John R. 
Freeman, Chief Inspection Department, Factory Mutual Insurance Cos.; Henry 
Morton, President Stevens’ Institute of Technology; C. J. H. Woodbury, Member 
American Society Civil Engineers ; H. B. Dwight, Dwight Survey and Protection 
Bureau, New York ; F..C. Moore, Delegate New York Board of Fire Underwriters 
to Board of Examiners of Department of Buildings; William A. Wahl, Secretary 
Franklin Institute, Philadelphia ; John T. Williams. 


The committee also wishes to take this opportunity of publicly 
thanking the parties mentioned below for their offers of assist- 
ance, namely : 

The Continental Iron Works, for permission to use part of 
their yard, and for numerous courtesies which have been 
extended to the committee from time to time. 

The Carnegie Steel Co. (Limited), for their offer to furnish all 
the structural steel that your committee may need. 

Messrs. J. B. and J. M. Cornell, for their offer to furnish the 
cast-iron columns for which your committee may ask. 

Messrs. Sinclair & Babsen, for their donation of seventy-five 
barrels of Alsen cement. 

The Lorillard Brick Works Co., through Mr. Henry M. 
Keasbey, for 54,000 common bricks. 

Mr. Henry A. Maurer, for his donation of 14,000 fire-bricks 
and fourteen barrels of fire-clay. 

During the winter just past, your committee erected a testing 
plant, as shown in the accompanying photograph. The gas 
producer in the background is 9 feet in diameter by 12 feet in 
height, and is equipped with a hopper-valve on top. Gas is 
generated by means of steam from the boiler, as shown, and 
carried into the furnaces through pipes, as clearly indicated in 
the photograph (Fig. 1). The foundation shown on the left is 
ready for the erection upon it of a furnace for testing beams and 
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floors. Its dimensions are: length 27 feet, width 12 feet, but it 
can be arranged to take larger beams if so desired. The furnace 
shown on the right is for testing columns, and is 14 feet square, 
outside measurement. 

The arched roof is made of fire-brick, and is independent of 
the side walls, being supported by outside corner posts. The 
walls are of common brick, but can easily be changed so that 
experiments can be made on other materials. One side wall and 
the end wall with the door are 123 inches in thickness ; the rear 
wall is 8} inches, and the fourth wall is 4 inches inside, 2 inches 
air space, and 8} inches outside, making a total thickness of 14} 
inches. 

The floor is covered with fire-brick, with openings left for the 
branch gas pipes, and air spaces to support the combustion. 
These branch gas pipes are 4 inches in diameter, capped with 
tuyéres reduced to 2 inches. In order to increase the tem- 
perature when desired, a barrel of naphtha is connected by 
means of a small pipe, and blown into the gas pipe at the Y- 
branch by means of a steam jet. 

The column is placed in compression by means of a hydraulic 
ram underneath, resting on three 24-inch I-beams, the same as 
those across the top of the furnace shown in the photograph. 
In order to keep the entire length of the column within the 
furnace, filler blocks of cast iron are placed between the ends of 
the column and these I-beams. The hydraulic ram is 12 inches 
in diameter, and the water pressure can be carried to 2,500 
pounds per square inch. 

The temperature is measured by means of a Uehling & Stein- 
bart pyrometer. As this pyrometer is in commercial use, and 
has been thoroughly tested and described in various scientific 
journals, it is not necessary to enter here into a detailed descrip- 
tion. 

The money to carry out this work has been advanced by 
various parties, and, together with the committee’s disburse- 
ments, is shown in the accompanying treasurer’s report. 
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TREASURER’S REPORT. 


COMMITTEE ON FIREPROOFING TESTS, July 22, 1896. 
SUBSCRIPTIONS RECEIVED. 


Boston Board of Fire Underwriters.......... $400 00 
Associated Factory Mutual Insurance Com- 

panies of New England.................. 200 00 
Carrere & Hastings... 50 00 
The Tariff Association of New York......... 500 00 
2 100 00 
American Sugar Refining Co...............+. 100 00 
Philadelphia Fire Underwriters’ Association.. 400 00 


SUBSCRIPTIONS RECEIVABLE. 
The Tariff Association 


Associated Factory Mutual Insurance Com- 
panies of New England.................. 


EXPENDITURES. 
R. A. Bigelow, Printing, etc................. $4 
Electro Light Engraving Co,.............-+.. 1 
Continental Iron Works, Furnace, etc 
John T. Woodruff, Broken Stone............. 68 
il 
99 


William C, Siegert, Stationery ........ .... 
Berton & Nichell, Setting fire-brick lining... . 
Thomas F. Rowland, jr., for mason’s wages 


Uebling, Steinbart & Co., two months’ rent of 
PYTOMELUER. .. 


LIABILITIES. . 
The Continental Iron Works, Labor, etc., on 

furnace and Ot 766 92 
$3,108 30 


Respectfully submitted, 
‘ G. L. Hers, Treasurer. 


$2,355 00 gq 

700 00. q 

$3,055 00 a 

Cash on hand............ 18 62 : 

——— $3,108 30 4 

00 3 

12 

00 ‘ 

4 

4 
—— $2,886 88 
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Your committee decided that it would be best to make the 
tests according to the following programme : 

First.—That a series of tests be made on steel and on cast- 
iron columns, without any fire protection whatever. These 
tests then to be taken as a basis of comparison with those that 
were to follow. 

Second.—That a series of tests be made with similar steel and 
cast-iron columns, protected with different materials and in dif- 
ferent manner. ; 

Third.—That a series of tests be made on unprotected beams 
and girders. 

Fourth.—That a series of tests be made on protected beams 
and girders. 

It has also been proposed that each series be divided for test 
both with and without water. 

Your committee has communicated with many manufacturers 
of fireproofing materials, and has been informed that these 
manufacturers will submit their materials for purposes of tests. 


RESULTS. 


The result of this series of tests is shown in the accompany- 
ing diagram (Fig. 15), where the solid line represents the tem- 
perature and the dotted line the load on the column. 

Test No. 1 was made on a steel column, when the tempera- 
ture was raised rapidly. Test No. 3 was made on a cast-iron 
column under similar conditions. Both columns began to fail 
as soon as they showed “red.” . 

Test No. 2 was made ona steel column, when the temperature 
was raised more slowly than in the other tests just described, 
and Test No 4 was made on a cast-iron column under similar 
conditions. Both these columns failed when they began to 
show “red,” although the time was longer than in Tests 1 and 3. 

Test No. 5 was made on a cast-iron column, a jet of water being 
thrown upon it through a j-inch nozzle. The column was first 
heated to 675 degrees and then quenched with water without 
injury. The heat was then slowly raised again to 775 degrees, 
and the column again quenched with water. The heat was then 
raised slowly to a temperature of 1075 degrees, and the column, 
which then showed a “ dull redness,” was again quenched with 
water. The heat was then raised again to 1300 degrees, and the 
column, which now showed a “ bright red,” was again quenched 
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with water. The column was beginning to yield by bending 
just before the last application of the water. The column was 


Test No.1, STEEL COLUMN 
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f Furnace 


rometer raised: to 
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Yolumn| Bending 
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closed 


Vertical Scale 500° F.—¥ 
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Horizqntal Scale Minutes 


apparently unaffected by water, although it failed by bending 
under the load, the same as in cases 3 and 4. 


Cotumn Test No. 1. 


May 19, 1896.—Fire test without water. Steel column. 
The walls of the furnace were of common brick, as described 
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on page 26, and the door was closed with a double thickness of 
sheet iron, which made the opening practically tight. The col- 
umn was a Carnegie Steel Box Channel of the dimensions as 
shown in Fig. 2, and was unprotected. 

The weather was clear and warm, with only a slight breeze 
from the west. Temperature of air, 80 degrees Fahr. in the 
shade. The gas producer was fired the day before, with valve 
closed against furnace. The packing in the hydraulic cylinder 
leaked, and a fitting of the pipe gave out as test started. These 
causes delayed the use of the water pressure. 


or TRIAL. 


10.35 Wood fire lit. 

Gas turned into furnace. 

Furnace door closed. 

11.13 ape anes Pyrometer put in furnace through lower 
hole, 24 feet above the furnace floor, 
with point 12 inches from column. 

11.19 

11.20 Pressure on column. Light load. Py- 
rometer point 24 inches from column. 

11.25 a rere Raking gas-producer ; gas shut. 

11.28 Gas turned on again. 

11.33 No naphtha. 

11.36 Half faucet of naphtha. 

11.38 

11.40 1,175 14.13 Water pressure on. 

11.41 1,180 28.26 Quarier faucet of naphtha. 

11.46 Pressure off, water valve repacked. 

11.50 a Cree Closed all air openings. Water pres- 
sure on. 

11.55 1,200: 48.06 Column began to show “red.” 

11.56 Column began to yield. 

11.59 | * 1,225 42.41 Hydraulic pressure falling fast. 

12.10 1,230 Cows Pyrometer shut off. Pyrometer raised 
to upper hole, 84 feet above floor, and 
point 3 feet from column. 

12.16 

12.25 Gas shut off. 


The column would have failed sooner if the working load of 
80 tons could have been used. 

The result of the test is shown in the flashlight photograph 
(Fig. 3) taken of the column before it was disturbed. After the 
column was removed from the furnace, photograph (Fig. 4) was 
taken. The brick walls cracked, as shown in photograph 
(Fig. 5), the greatest damage taking place where one wall was 
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TEST No. 2. 6. 
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bonded into the next, and the cracks at these places extended 
through the bricks. Along the horizontal joints the walls 
cracked most on the bond courses. All the walls were hot, the 
eight-inch wall being too hot to hold the hand in contact with it. 
Strength by Gordon’s formula : 


Breaking strength per sq. in................ 45,630 lbs. 
Breaking load, 15 x 45,680............--.05. 684,450 lbs. 342 tons. 


Actual greatest load, cold, 141.4 tons, with no change of form. 


Cotumn Test No. 2. 

May 27, 1896.—Fire test without water. Steel column. Fur- 
nace same as Test No. 1. 

The column was a Carnegie steel Z-bar, as shown in Fig. 6 
and in the photograph, and was uncovered. The weather was 
clear and warm, with a moderate breeze from the northwest. 
Temperature of air, 80 degrees in shade. 


Loe oF TRIAL. 


ime. meter. lic Pressure. ‘ 

M. etal Lead Tons. REMARKS. 
2.23 80 nee Pyrometer point 3 feet from column. 
2.24 200 84.8 Wood fire lit. 

2.30 650 i .| Gas turned on. 

ieee i Door closed. Full cock of naphtha. 
2.35 1,000 “ One-quarter cock of naphtha. 

2.36 1,300 
2.37 1,350 

2.38 1,375 3 Naphtha closed. 

2.39 1,300 

2.40 1,125 ‘i One-eighth cock of naphtha. 

2.404 1,300 

2.41 1,325 ” 

2.42 1,250 wal 

2.43 1,200 

2.44 1,175 * Naphtha cock closed to ‘‘ dropping.” 
Pyrometer moved to 2 feet from column 

as flame touched point. 

2.46 1,125 = Column began to yield. 

2.47 1,125 e Column yielding fast. 

2.49 1,100 = Impossible to maintain hyd. pressure. 
2.51 1,100 vid Pump and gas stopped. 

2.52 900 ” Pyrometer closed. 


The result of this test is shown in photographs (Figs. 7 and 8). 
Strength by Gordon’s formula: 


Breaking strength per sq. in............... 42,820 Ibs. 
Area of crons Section. 14.15 sq. in. 
Breaking load, 14.15 x 42,820....... soact cls 605,900 Ibs. 3808 tons. 
8 
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TEST No. 3. Fie. 9. 


Head same as foot 


| 


Faced 


14 > 
if 


Area of Cross-Section = 21. 


Cotumn Test No. 3. 


June 30, 1896.—Fire test without water. Cast-iron column. 
Furnace same as Tests 1 and 2. 

The column was a cast-iron, hollow, round column, with flanges 
faced on both ends, as shown in the photographs and in Fig. 9, 
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and was uncovered. It was cast horizontally, with a dry sand 
core, by the Cornell Iron Works, New York. 

The weather was clear and warm, with a slight breeze from 
-gouthwest. Temperature of air, 75 degrees Fahr. 


Loe oF TRIAL. 


| Pyrometer. |Hydraulic Pressure. 
Degrees Fahr. ‘otal Load Tons. 


Wood fire lit. 
Gas lit. Door being closed. 
Pyrometer in place, 18 in. from column. 


Gas shut off to poke producer. 


Removed some loose bricks that inter- 
fered with tuyéres. 


Gas turned on, door closed. 


Air openings closed. 

Door down to arrange bricks. 
Door closed. 

Naphtha valve opened one half. 


Slight redness reported by some. 
Column reported bent slightly. 


Gas shut off. Door down. Column 
decidedly red and bent. 

Gas on and door closed. 

No naphtha. 

Naphtha turned on half cock, 


Gas shut off. Stopped pumping. 


Strength by Gordon’s formula was as follows: 
Breaking strength . 
Safe load, } x 902,000 90.2 tons. 


The result of Test No. 3 is shown in photographs (Fig. 10 
and Fig. 11). 


= 
RemakKs. 
14.1 
84.8 
) = 
575 
625 
3500 
425 28.2 = 
650 15.5 
667 
600 11.3: 
B 625 = 
4 650 or a 
750 
812 42.4 
900 84.8 
950 
3 1,000 = 
1,025 . 
8 1,050 
| 1,025 “ 
2 1,050 
6 1,100 
0 1,137 
3 1,175 
4 1,200 
7 1,250 
0 1/295 
2 1,175 
5 | 1,200 
4 387 
8 925 
9 925 
0 1,000 
5 1,112 
2 1,125 fi ee 
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Cotumn Test No. 4. 

July 6, 1896.—Fire test without water. Cast-iron column. 
Furnace same as Tests 1, 2, and 3. 

The column was a cast-iron, hollow, round column, with flanges 
faced on both ends, and was uncovered. It was cast horizon- 
tally, with a dry sand core, by the Cornell Iron Works, New 
York. The column was the same as illustrated in photograph 
(Fig. 9), with the following exceptions: Length over all, 13 feet 
4 inch; thickness of flanges, 1§ inches; flanges reénforced by 
four ribs, each 3 inch thick, reaching from outer end of flange 
to cylinder, at an angle of about 45 degrees. 

The weather was cloudy and there was no wind. Temperature 
of the atmosphere, 75 degrees Fahr. 


Loe oF TRIAL. 


Pyrometer. |Hydraulic Pressure. | 
Degrees Fahr. otal Load Tons. REMARES. 


eae Wood fire lighted. 
84.8 Gas lighted. 

- Pyrometer placed 18 in. from column. 
Door closed. 


“ce 
ce 


Naphtha used, one-quarter cock, 


More naphtha, three-eighths cock. 
.More gas. 


Column bending. 
More naphtha, one-half cock, 
Color reported. 


WW WWWWWD 


Column yielding fast. 
Column broke suddenly. 


S 


The result of the test is shown in photographs (Figs. 12 and 
13). The fracture occurred at about the centre of the column, 
where the deflection was the greatest. There was a crack 
about five inches long, about seven inches above the fracture on 
the convex side of the column, showing that the column first 
pulled apart on the outside of the bend. No water was thrown 
on this column during the test. 
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Test No. 5.—LoG oF TRIAL. 


w 
o 


column one minute. 
Door down, and water on column again 
two minutes, 


rometer. (Hydraulic Pressure. 
Fahr. ‘otal Load Tons. REMARES. 
sanee 84.8 Wood fire lighted. 
Gas lighted. 
600 ¥ Door closed. Pyrometer in place 18 
inches from column. 
625 
675 
700 
675 - Pyrometer moved back 5 feet from 
column. 
625 

2.41 675 

2.42 525 “6% Water thrown on column one minute, 

2.43 450 ” Door open. Fire out. 

2.44 400 o Door open, Fire relighted. 

2.46 425 5 Door closed. 

2.47 540 = 

2.49 1,000 “ Heat rising too fast. 

2.51 650 

2.52 675 

2.55 700 - 

2.58 750 i Pyrometer three feet from column. 

2.59 800 

3.01 740 

3.02 750 Si Pyrometer 18 inches from column. 

3.05 785 si Pyrometer moved back 5 feet from col. 

3.06 775 

3.09 400 iy Waiter on column 4 minute. Fire out, 
Door down. 

Gas relighted. Door closed. 

3.19 675 - Pyrometer 18 inches from column. 

3.22 700 7 More air admitted. 

3.24 725 

3.27 775 

3.28 800 

8.30 900 

3.35 1,025 

3.40 1,025 

3.47 1,050 

3.50 1,050 a Column red. 

3.55 1,075 ° Water on column 4 minute. Fire out. 
Door down. More water on column 
as it was still red. 

Gas relighted. 

4.17 750 " Pyrometer 18 inches from column. 

4.21 787 = Naphtha, one-half cock. 

4.23 900 

4.24 1,025 pee 

4.27 1,150 = 

4.29 1,200 

4.30 1,250 = Column getting red. 

4.31 1,275 nig Column bending. 

4.32 1,280 a 

4.34 1,300 = Pyrometer moved back. Water on 

4. 


THE COMMITTEE ON FIREPROOFING TESTS. 


Cotumn Test No. 5. 


July 10, 1896.—Fire test with water. Cast-iron column. 
Furnace, same as Tests No. 1, 2, 3 and 4. 

The column was a cast-iron, hollow, round column, with 
flanges faced on both ends, and was uncovered. It was cast 
horizontally, with a dry sand core, by the Cornell Iron Works, 
New York. The column was the same as illustrated in photo- 
graph (Fig. 9), with the following exceptions: flanges were 13 
inches thick and were reénforced with four ribs, as in Test No. 
4. There was a slight defect in this casting, there being a 
porous portion a few inches long on one om, about 3 feet 6 
inches from the lower end. 

The weather was partly cloudy and 7 There was a 
strong wind from the southwest. Temperature of the atmos- 
phere was 80 degrees Fahr. 

Water was thrown upon the column through about 50 feet of 

}-inch rubber hose and a j-inch nozzle. The pressure at the 
was fifty pounds. 

The result of this test is shown in photograph (Fig. 14). 

The column was very red when the water was thrown on it 
the last time. The brick walls and arch roof cracked when 
water fell on them. The column was badly bent, but otherwise 
appeared uninjured. 


Respectfully submitted, 
Tue COMMITTEE ON FIREPROOFING TESTS. 


S. ArBert REED, for the Tariff Association of New York. 
Grorce L. Hetns, for the Architectural League of New York. 
H. pE B. Parsons, for the American Society of Mechan- 
THomas F. Row.anp, ical Engineers. 
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PRESIDENT’S ADDRESS, 1896. 


DCCL.* 


THE PROGRESS IN THE MANUFACTURE OF IRON 
AND STEEL IN AMERICA, AND THE RELATIONS 
OF THE ENGINEER TO IT. 


PRESIDENT’S ADDRESS, 1896. 


BY JOHN FRITZ, BETHLEHEM, PA. 
(President, 1895-1896.) 


Gentlemen : 

I have frequently been asked by members of the American 
Society of Mechanical Engineers, and others, to write a paper on 
the manufacture of iron and steel in this country, showing its 
progress since the time of my first connection with it. Quite 
recently I have not only been asked, but urged to write a paper 
on this subject from a mechanical and engineering standpoint, 
giving an outline of the early troubles, and showing the great 
improvements which have been made in machine tools and ma- 
chinery, as well as in the manufacture of iron and steel, and after 
some hesitation I have concluded to make an effort to respond 
to these requests. In complying therewith I shall to some extent 
quote from a paper read before another society of engineers, and 
give such additional items of my experience as I have thought 
would be interesting. 

As a beginning I will make a brief allusion to the mechanical 
engineer, showing his origin and growth, and what he has accom- 
plished in the great field of metallurgy, and especially in the 
Bessemer and other important steel-making processes. It seems 
to me eminently proper that in describing the development of the 
mechanical engineer his growth should be considered jointly with 
that of the metallurgist, especially when we take into considera- 
tion how essential good iron and steel are to all engineers. In fact 
it is the marked improvements in the manufacture of iron and * 
steel which have enabled the engineers to surmount difficulties 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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and erect works which would have been well-nigh impossible before 

these improvements were made; and to the mechanical engineer 
is largely due the credit of the marvellous improvements which have 
been accomplished. And here let me say that but few people 
know anything of the labor, the troubles, trials, vexations, sur 
prises, and disappointments which were encountered during the 
early stages of that now great industry, the Bessemer process; 
and, besides, all the physical danger to which the pioneers were 
constantly exposed. 

When I look back and review the roll-call of memory, it 
brings to my mind faces of men who lost their lives while engaged 
in the performance of their duty ; some of them were near and 
dear to me, being associated by the closest of personal ties. 
They are no more; but to those who knew them, and what they 
accomplished, their memory is forever sacred. 

Prior to 1838 the manufacture of pig iron was in a primitive con- 
dition, that metal being practically all made in charcoal furnaces, 
producing from fifteen to thirty tons per week. It was converted 
into wrought iron in the old-fashioned charcoal fires, and was 
shaped into blooms for the rolling mill, and into bars for the smith 
by a helve hammer. The furnaces, forges, and mills were all 
driven by water power, and were kept in order by what was some- 
times called a forge carpenter, or millwright. At this time the 
mills were all geared, the shafts being square, hexagon, or octagon, 
according to the fancy of the millwright ; the wheels were secured 
on the square shafts by wooden blocks, and in them were driven 
thin iron wedges ; the segments of the wheels were secured to the 
centre in the same manner; the roll housings were all set on 
wood. All this crude machinery the millwright was called on to 
keep in running order; consequently he became an important 
man. 

In 1840 the use of anthracite coal and coke in blast furnaces 
was commenced. This required a much higher pressure of blast. 

Previous to this time the blowing cylinders had been made out of 
wood, the pressure of blast being very low, not exceeding one and 
a half pounds; hence a great improvement in blowing machinery 
became necessary. 

In 1842 puddling began to come into more general use, and 
puddling trains had to be built, and better merchant or bar trains 

were now required ; they were all geared, and gave much trouble. 

The machinist now had to be called in to help keep things in 
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shape, and he soon took the millwright’s place, and laid the 
foundation for the mechanical and metallurgical engineer. — 

In 1845 the rail mills were being built, and stronger and better 
workmanship was required. These mills were all geared, but the 
shafts were generally turned up, and wheels all bored out, and 
fitted up in a much better manner, which required more skill and 
better workmen. Puddling now became an important branch of 
the iron business, and the Old Harry was generally to pay to get 
the balls in proper shape; to do this mills were using the old 
Welsh hammer. Numbers of squeezers were tried and failed; 
finally the Burden squeezer was invented, and adopted by the 
mills generally, and to this day is the best machine which has ever 
been devised for the purpose. 

In or about the year 1848 “ boiling” ¢ame into use, which was 
a great improvement over ordinary “puddling,” and gave a new 
impetus to the trade. From 1848 to 1856 there was no great 
change or marked improvement made in the business. In 1857 
the three-high rail mill was successfully introduced, and in a very 
short time practically revolutionized the manner of rolling rails. 
From this time on, all the new mills which were built were driven 
direct, without gearing, and much stronger and better in every 
way. It was during this time that the great changes and im- 
provements were being made in rolling-mill and blast-furnace 
machinery and also in machine-shop tools of all kinds, which 
enabled much better work to be turned out than had been pre- 
viously possible; and this was an advance for the mechanical 
engineer, and prepared him for the great work which he was soon 
to be called on to accomplish. 

In 1864 the Bessemer process was introduced, and it soon be- 
came evident that it would in a short time revolutionize the iron 
business. Its introduction and perfection will ever remain one of 
the most interesting and important epochs in the whole history of 
the iron business. It was now that the men who had been in 
training were called to the front, and nobly did they do their 
duty. This was the graduating period for them, and no set of men 
ever worked more faithfully or earned their diplomas more hon- 
estly than these men did. Their diplomas were not made of 
parchment, but of bright ideas, hard work, and energy, coupled 
with a determination which made failure impossible. 

Sir Lowthian Bell, in an address before the Iron and Steel Insti- 
tute in 1890, said : “ In viewing the impressive but simple process 


{ 

£3 

> 

q 


42 PROGRESS IN THE MANUFACTURE OF IRON AND STEEL. 


of blowing a charge of metal, it is difficult to realize the disap- 
pointments and the large expenditure of money and indefatiga- 
ble energy required before its present position was reached.” 
I will go further and say that I do not believe it possible to 
describe the feelings of fear and anxiety which existed in the minds 
of those who had the immediate charge and were responsible for 
the result. 

It is not the object, nor is it possible in a paper like this, to 
give a description of the process, or even faintly to describe the 
difficulties which were encountered in its incipient stages, but I 
feel as if I should do violence to my feelings were I to fail on this 
occasion to make some allusion to those brave and noble men 
who fought these early battles to a triumphant conclusion ; and, as 
the Hon. Abram S. Hewitt has truly said, “The Bessemer inven- 
tion takes its rank with the great events which have changed the 
face of society since the time of the middle ages” ; nor am I un- 
mindful of the assistance rendered by the brave and noble work- 
men who so ably supported their chiefs, and who were ever ready 
and willing to face any danger or difficulty which might occur. 

Having already stated that the Bessemer process was introduced 
in 1864, of course but little steel was made in that year. I do not 
propose to give you a yearly array of statistics; but in 1895 the 
production reached the enormous quantity of 4,909,128 tons of in- 
gots. In the same year the production of puddled iron was 1,500,- 
000 tons, making a total of steel and puddled iron, 6,409,128 tons. 

In order to show what the Bessemer process can do in coal 
and labor, as compared with puddling, the former can produce in 
ten minutes ten tons of steel ingots, with a consumption of twenty 
hundredweight of coal. It will require a puddling furnace ten 
days, with practically three men, to produce a like amount of 
puddled iron, and will require about twenty tons of coal. The 
puddling is a hard, laborious, and exhausting occupation. With 
the Bessemer process it is care and attention only which are 
called for, but these it must have. 

We left the blast furnaces in 1840, making fifteen to thirty tons 
per week, and produced in that year 286,903 gross tons. In 1895 
we have furnaces producing between two and three thousand tons 
per week, and others building which are expected to make much 
more. The total output in 1895 was 9,446,308 gross tons, which 
exceeds the quantity made by any other nation. 

It was the marvellous increase in the production of iron and 
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steel which took place after the year 1865 which gave such a re- 
markable impetus to the engineering trades. The demand for 
Bessemer pig iron caused new blast furnaces to be built of much 
larger size than formerly. The blowing engines were required to 
be of much greater capacity and more powerful. The material 
used in the construction of these furnaces stimulated other 
branches of business, in many instances beyond their capacity. 
When the Bessemer process came into use, blooming mills had 
to be built, new rail mills, billet mills, and plate mills; in fact, 
the introduction of Bessemer metal rendered the old iron-rolling 
machinery practically useless; consequently new, heavier, and 
more powerful mills had to be erected. 

The rail mills, with one exception, are three-high, and fitted 
up with tables arranged for automatically handling the work, 
and they are equipped with every facility which will quicken and 
cheapen the handling of the material. In 1866 the Siemens open- 
hearth furnace for making steel was introduced, but it was some . 
time before it came into general use ; the Bessemer plant for quite 
a while held it in check. To-day it occupies an important posi- 
tion, and, in connection with tlie Thomas basic process, one of the 
great metallurgical inventions of the age, is sure to become a 
strong competitor of the Bessemer process. When I allude to 
the Siemens open-hearth furnace I do not mean that their form 
of hearth and ports should be strictly adhered to, as there are 
other styles of furnaces which have their advocates; amongst 
them are the partial revolving hearth, which so far has shown 
good results, and it certainly has advantages over the fixed hearth. 
What I refer to is the Siemens regenerative principle, which is 
truly scientific and yet perfectly simple as to its construction, and 
so far is the only method by which the metallurgist has been able 
to secure the heat necessary for making steel on the open-hearth 
plan ; and all steel-melting furnaces, of whatever form the hearth 
has been constructed, use the Siemens regenerative principle. 
Much as I admire the Bessemer process and well know what 
can be accomplished with it, yet, if the users of steel insist on 
lower phosphorus, it will have to be made in the open hearth, 
and by the Thomas basic process, as the ores which will make steel 
of high grade by either of the acid processes are, so far as known, 
quite limited ; and the Thomas basic Bessemer process requires 
high phosphorus, as the pig iron should have at least two per cent., 
and this is more difficult to obtain in quantity than the low is for 
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the acid processes. Steel can be made in the open hearth, on 
acid lining, quite low in phosphorus, but at a greater cost, as 
you must start with first-class material, while the basic might be 
called a kind of a scavenger. I do not say this in a disparaging 
sense, but, on the contrary, a material which is perfectly useless (so 
far) in either of the acid processes, can be utilized, and a fairly 
good steel can be made out of it, by the basic process, and it is 
this quality which makes it such an important improvement in the 
science of metallurgy. It is, however, like all other processes; if 
you want to make a good article you must have the proper mate- 
rial to start with. Now, while it is being rapidly introduced in 
many parts of the country, I think it proper to say that there are 
large users of steel of high quality who will only use the acid 
open hearth. 

There are several other forms of steel-making iene amongst 
which are the|Pernot and the Ponsard; both of them were 
designed for more rapid working. The former has an inclined 
rotating hearth, which keeps the metal in motion, and is supposed 
to work more rapidly than the fixed or stationary hearth. The 
latter (Ponsard) is in its construction very similar to the Pernot, 
it being designed to work more rapidly than the Pernot, and in- 
troduces blast like the Bessemer, thereby combining the two pro- 
cesses by blowing the metal partially, and then finishing it by the 
Siemens process. Both systems use the Siemens eee, 
principle. 

I have now mentioned the several processes for making steel 
rapidly, but to describe them fully would not only be impossible, 
but out of place in a paper of this kind, as it would require a 
large volume to give an intelligent description of them all ; but I 
hope I-have succeeded in giving you such an outline of the vari- 
ous processes as will enable you to form some general idea of 
them, and the results obtained, and shall again refer to them in 
speaking of the finished product. 

Having given you a very brief account of the progress of the 
iron and steel industry from its infancy up to the enormous pro- 
duction in 1895, I shall now endeavor to show the wonderful 
changes which have been made in machine tools and shop practice. 
My memory of machine shops dates back to 1832 and 1833. 
Within a short distance of my home there were three cotton 
mills (and large ones for those days), two woollen, and two carding 
mills, and several grist mills, as they were called at that time. 
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At one of the large cotton mills they had a machine shop, where 
the principal repairs for all the mills in the neighborhood were 
generally made. My father, being a millwright and machinist, — 
as well as a small farmer, did all the important repairs for all the 
mills; in this shop consequently I spent all the spare time I 
could get off the farm, and it was a rare treat for me to get there. 
The tools consisted of two small lathes for turning iron and one 
for turning wood; all of them had wooden “shears” or beds. 
There was also a machine for cutting light gears, which to me 
was a great curiosity ; there were several vises, and quite a number 
of small tools; one they called a “doctor,” which was used to 
correct “ drunken threads,” as all screws of any importance were 
cut with the chaser. A few years later I frequently wished I had 
one of them to straighten up some crooked threads which I would 
unfortunately get on my hands. This little insight of shop prac- 
tice was not all that I gained. It gave me an opportunity to see 
the machinery in operation for picking, carding, spinning, and 
weaving, the remembrance of which has always been a source of 
pleasure as well as profit. 

In 1838 I went to learn my trade. In the machine shop there 
were about the same number and character of lathes as in the 
shop mentioned, but they were larger, one of them being a double- 
ender, for the purpose of boring out wheels which were too large to 
swing over the shears. There was also a drill press, made out of 
a lathe-head casting, bolted against a 12x12 inch wooden post; 
it was not a very sightly machine, but it did good work for the 
time. We made small brass castings, built small boilers and small 
engines, and did all kinds of country machine and blacksmith work ; 
we made our own patterns, without any drawings. It was from 
this shop that I was sent out from time to time to do some repairs 
at the small charcoal furnaces, forges, and mills. The rough 
training I had at this primitive shop proved of great value to me 
in after-life. 

In 1843 a party commenced to build a bar mill, which was a 
new business in that neighborhood, and I had expected to have 
learned something from it, as I supposed they would have better 
tools in order to have their rolls properly turned, as it would be 
all important to have them true to make bar iron; but, much to 
my regret, the party failed before the mill was completed. 

Tn 1846 I became connected with a bar mill, and practically the 
only tool they had was a roll lathe with the old-fashioned fixed 
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of blowing a charge of metal, it is difficult to realize the disap- 
pointments and the large expenditure of money and indefatiga- 
ble energy required before its present position was reached.” 
I will go further and say that I do not believe it possible to 
describe the feelings of fear and anxiety which existed in the minds 
of those who had the immediate charge and were responsible for - 
the result. 

It is not the object, nor is it possible in a paper like this, to 
give a description of the process, or even faintly to describe the 
difficulties which were encountered in its incipient stages, but I 
feel as if I should do violence to my feelings were I to fail on this 
occasion to make some allusion to those brave and noble men 
who fought these early battles to a triumphant conclusion ; and, as 
the Hon. Abram S. Hewitt has truly said, “The Bessemer inven- 
tion takes its rank with the great events which have changed the 
face of society since the time of the middle ages” ; nor am I un- 
mindful of the assistance rendered by the brave and noble work- 
men who so ably supported their chiefs, and who were ever ready 
and willing to face any danger or difficulty which might occur. 

Having already stated that the Bessemer process was introduced 
in 1864, of course but little steel was made in that year. I do not 
propose to give you a yearly array of statistics ; but in 1895 the 
production reached the enormous quantity of 4,909,128 tons of in- 
gots. In the same year the production of puddled iron was 1,500,- 
000 tons, making a total of steel and puddled iron, 6,409,128 tons. 

In order to show what the Bessemer process can do in coal 
and labor, as compared with puddling, the former can produce in 
ten minutes ten tons of steel ingots, with a consumption of twenty 
hundredweight of coal. It will require a puddling furnace ten 
days, with practically three men, to produce a like amount of 
puddled iron, and will require about twenty tons of coal. The 
puddling is a hard, laborious, and exhausting occupation. With 
the Bessemer process it is care and attention only which are 
called for, but these it must have. : 

We left the blast furnaces in 1840, making fifteen to thirty tons 
per week, and produced in that year 286,903 gross tons. In 1895 
we have furnaces producing between two and three thousand tons 
per week, and others building which are expected to make much 
more. The total output in 1895 was 9,446,308 gross tons, which 
exceeds the quantity made by any other nation. 

It was the marvellous increase in the production of iron and 
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steel which took place after the year 1865 which gave such a re- 
markable impetus to the engineering trades. The demand for 
Bessemer pig iron caused new blast furnaces to be built of much 
larger size than formerly. The blowing engines were required to 
be of much greater capacity and more powerful. The material 
used in the construction of these furnaces stimulated other 
branches of business, in many instances beyond their capacity. 
When the Bessemer process came into use, blooming mills had 
to be built, new rail mills, billet mills, and plate mills; in fact, 
the introduction of Bessemer metal rendered the old iron-rolling 
machinery practically useless; consequently new, heavier, and 
more powerful mills had to be erected. 

The rail mills, with one exception, are three-high, and fitted 
up with tables arranged for automatically handling the work, . 
and they are equipped with every facility which will quicken and 
cheapen the handling of the material. In 1866 the Siemens open- 
hearth furnace for making steel was introduced, but it was some 
time before it came into general use ; the Bessemer plant for quite 
a while held it in check. To-day it occupies an important posi- 
tion, and, in connection with the Thomas basic process, one of the 
great metallurgical inventions of the age, is sure to become a 
strong competitor of the Bessemer process. When I allude to 
the Siemens open-hearth furnace I do not mean that their form 
of hearth and ports should be strictly adhered to, as there are 
other styles of furnaces which have their advocates; amongst 
them are the partial revolving hearth, which so far has shown 
good results, and it certainly has advantages over the fixed hearth. 
What I refer to is the Siemens regenerative principle, which is 
truly scientific and yet perfectly simple as to its construction, and 
so far is the only method by which the metallurgist has been able 
to secure the heat necessary for making steel on the open-hearth 
plan ; and all steel-melting furnaces, of whatever form the hearth 
has been constructed, use the Siemens regenerative principle. 
Much as I admire the Bessemer process and well know what 
can be accomplished with it, yet, if the users of steel insist on 
lower phosphorus, it will have to be made in the open hearth, 
and by the Thomas basic process, as the ores which will make steel 
of high grade by either of the acid processes are, so far as known, 
quite limited ; and the Thomas basic Bessemer process requires 
high phosphorus, as the pig iron should have at least two per cent., 
and this is more difficult to obtain in quantity than the low is for 
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the acid processes. Steel can be made in the open hearth, on 
acid lining, quite low in phosphorus, but at a greater cost, as 
you must start with first-class material, while the basic might be 
called a kind of a scavenger. I do not say this in a disparaging 
sense, but, on the contrary, a material which is perfectly useless (so 
far) in either of the acid processes, can be utilized, and a fairly 
good steel can be made out of it, by the basic process, and it is 
this quality which makes it such an important improvement in the 
science of metallurgy. It is, however, like all other processes ; if 
you want to make a good article you must have the proper mate- 
rial to start with. Now, while it is being rapidly introduced in 
many parts of the country, I think it proper to say that there are 
large users of steel of high quality who will only use the acid 
open hearth. 

There are several other forms of steel-making furnaces, amongst 
which are the}Pernot and the Ponsard; both of them were 
designed for more rapid working. The former has an inclined 
rotating hearth, which keeps the metal in motion, and is supposed 
to work more rapidly than the fixed or stationary hearth. The 
latter (Ponsard) is in its construction very similar to the Pernot, 
it being designed to work more rapidly than the Pernot, and in- 
troduces blast like the Bessemer, thereby combining the two pro- 
cesses by blowing the metal partially, and then finishing it by the 
Siemens process. Both systems use the Siemens regenerative 
principle. 

I have now mentioned the several processes for making steel 
rapidly, but to describe them fully would not only be impossible, 
but out of place in a paper of this kind, as it would require a 
large volume to give an intelligent description of them all; but I 
hope I have succeeded in giving you such an outline of the vari- 
ous processes as will enable you to form some general idea of 
them, and the results obtained, and shall again refer to them in 
speaking of the finished product. 

Having given you a very brief account of the progress of the 
iron and steel industry from its infancy up to the enormous pro- 
duction in 1895, I shall now endeavor to show the wonderful 
changes which have been made in machine tools and shop practice. 
My memory of machine shops dates back to 1832 and 1833. 
Within a short distance of my home there were three cotton 
mills (and large ones for those days), two woollen, and two carding 
mills, and several grist mills, as they were called at that time. 
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At one of the large cotton mills they had a machine shop, where 
the principal repairs for all the mills in the neighborhood were 
generally made. My father, being a millwright and machinist, 
as well as a small farmer, did all the important repairs for all the 
mills; in this shop consequently I spent all the spare time I 
could get off the farm, and it was a rare treat for me to get there. 
The tools consisted of two smail lathes for turning iron and one 
for turning wood; all of them had wooden “shears” or beds. 
There was also a machine for cutting light gears, which to me 
was a great curiosity ; there were several vises, and quite a number 
of small tools; one they called a “doctor,” which was used to 
correct “ drunken threads,” as all screws of any importance were 
cut with the chaser. A few years later I frequently wished I had 
one of them to straighten up some crooked threads which I would 
unfortunately get on my, hands. This little insight of shop prac- 
tice was not all that I gained. It gave me an opportunity to see 
the machinery in operation for picking, carding, spinning, and 
weaving, the remembrance of which has always been a source of 
pleasure as well as profit. 

In 1838 I went to learn my trade. In the machine shop there 
were about the same number and character of lathes as in the 
shop mentioned, but they were larger, one of them being a double- 
ender, for the purpose of boring out wheels which were too large to 
swing over the shears. There was also a drill press, made out of 
a lathe-head casting, bolted against a 12x 12 inch wooden post; 
it was not a very sightly machine, but it did good work for the 
time. We made small brass castings, built small boilers and small 
engines, and did all kinds of country machine and blacksmith work ; 
we made our own patterns, without any drawings. It was from 
this shop that I was sent out from time to time to do some repairs 
at the small charcoal furnaces, forges, and mills. The rough 
training I had at this primitive shop proved of great value to me 
in after-life. 

In 1843 a party commenced to build a bar mill, which was a 
new business in that neighborhood, and I had expected to have 
learned something from it, as I supposed they would have better 
tools in order to have their rolls properly turned, as it would be 
all important to have them true to make-bar iron; but, much to 
my regret, the party failed before the mill was completed. 

In 1846 I became connected with a bar mill, and practically the 
only tool they had was a roll jiathe with the old-fashioned fixed 
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rest, and the tool was regulated by keys driven with a chipping 
hammer. After a time, with a good deal of persuasion and some 
strong talk, I succeeded in getting some small lathes, a planer, 
and a press drill. About this time some of the larger iron works 
put in some better tools, but. they were all small. Indeed, up to 
this time about all the tools we had were a two-hand chisel, a 
sledge, a chipping hammer and chisel, a file, and a ratchet drill. 
The mills all being geared, we had a set of drifts to suit the key- 
ways in the various wheels and shafts. 

In 1854 I went to the Cambria Iron Works at Johnstown, and 
well knowing the importance of having good tools for the comple- 
tion and perfection of such a plant as that was intended to be, I 
earnestly urged the company to get some of the best tools which 
were built, which they consented to, and at the same time had 
some special lathes built, and made much heavier than any which 
had been previously designed. This was the commencement of a 
better class of tools about an iron works, and greatly facilitated 
the great improvements which soon after took place. But this is 
over forty years ago, and what was a good tool at that time is a 
very indifferent one to-day, as the machine-shop equipments have 
fully kept pace with the times. The builders have not only per- 
fected the machines in general use, by making them heavier, more 
powerful, and more convenient, but they are building special tools 
for almost all manner of purposes, which greatly facilitates, per- 
fects, and cheapens the work, and renders it possible to get parts, 
of a machine made in different shops, and have them all fit 
together as though they had all been made in one place. 

I look back to my early days in the shop, now nearly sixty years 
ago, and call to my mind the equipments of the shop in the way of 
tools which I have already described, and compare the facilities 
for making drawings of to-day with those at that time, when the 
complete outfit consisted of a board, a carpenter’s square, a pair 
of compasses (as we then called them), a bevel, a lead pencil, and 
a piece of chalk, and a jack plane to prepare the board for another 
drawing. After a time we adopted the plan of making models in 
skeleton, full size, especially when any motion was to be worked 
out, and also made, when it was possible, all the drawings full 
size; when too large to admit of this, we would make important 
sections full size, and this practice I am not ashamed to follow at 
the present time, as it has many advantages. 

The small shop tools for a lathe consisted of a hook tool with 
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a sharp tit on the bottom to hold it on the rest (which was made of 
soft wrought iron) ; the tool was made out of a steel bar about 4 by } 
inch, generally put in a wooden stock some 2} inches in diameter, 
with a handle on the lower side, as you see in Figs. 16 and18. In 


_ addition to the tool just described, there was a finishing tool made 


in the shape of a spike-head, with a cutting edge on both sides, one 
to do the cutting or finishing, and the other to keep it in position 
on the rest; it also had a wooden handle, but of different construc- 
tion from the handle of the hook tool, as it was held against the 
shoulder instead of under the arm; next was a chaser, and last, 
as usual, was the “ doctor,” to cure in a measure “ drunken 
threads,” which frequently occurred. The small tools consisted 
of a pair of outside and an inside pair of calipers, a file, and a 
steel straight-edge (home-made), 12 inches long, and divided into 
inches, } inch, } inch, } inch, ?; inch, and with one of the inches 
divided into thirty-seconds, and used for measuring as well as for 
a straight-edge. 

Now let us for a moment note the equipments of a modern 
machine shop for comparison. First, they have a great drawing 
room, and a good corps of men well skilled in their art, and are 
equipped with everything which is essential for producing work 
correctly and quickly, with blue prints by the score. The machine 
shop of to-day is a marvel in completeness of equipment for doing 
work correctly and with rapidity, having special small tools for 
all purposes. The accuracy with which their round gauges are 
fitted up is such that a machinist of fifty years ago could not pos- 
sibly realize how it could be done. Suppose you could have in his 
presence separated a one-inch gauge, and held the plug in your 
hand for a few moments, without calling his attention to it, then 
handed it back, and requested him to put it in its place again ; 
when he found he could not get them together, he would think 
there were some old-time witches about. 

The latter part of the present century is remarkable for the 
success attained in designing and perfecting instruments and 
methods for correcting the old and imperfect systems of former 
years. The invention and construction of instruments of pre- 
cision and the methods of their calibration and adjustment, which 
enable measurements to be taken within one ten-thousandth of an 
inch; machines for measuring tapers, which enable the mechanic 
to fit taper work with almost the same perfection and facility as 
parallel work, are refinements of practice peculiar to modern times, 
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and of which a mechanic of fifty years ago could have no concep- 
tion, either as to their possibility or practical value. — 

The great improvement which has taken place in the manufac- 
ture of steel, both in quality and quantity, and its general adoption 
in machine building ; the using of steel higher in carbon, the intro- 
duction of nickel, and the treatment by oil tempering, have ren- 
dered the tools I have already referred to, practically useless for 
a very large part of the work which is now being done ; conse- 
quently new tools are required which are much heavier and more 
powerful than any which had been built up to this time. 

The Bethlehem Iron Company have four lathes in use, all of 
the same pattern ; one of them is used for what is called a cutting- 
off lathe, and frequently employs twelve tools, six on each side, 
made out of the best steel that can be had, size one inch by six 
inches, and are forced to cut all they will stand. (See Figs. 17 
and 19 for comparison with the tool of 1838 and before.) These 
lathes have had work in them weighing over 190,000 pounds. 
They have planers which have finished castings which each weighed 
165 tons, and the finishing of nickel-steel armor-plate requires 
tools of great power and special design. (See Figs. 20 and 21 at 
end of the paper.) 

The workmanship on cranks and shafting has to be of the 
highest order; consequently the machines on which they are 
finished have to be massive and of great power, and fitted up in 
the best possible manner ; the journals of the shaft must be round, 
and perfectly parallel, and the flanges must be true with the axis 
or body of the shaft, and the parts generally have to be inter- 
changeable, the flanges being plain on the face, relying entirely on 
the bolts in the flanges to keep the sections true to each other. 
This requires handiwork of a very high order. Shafts 18 or 20 
inches diameter, 60 or 70 feet or more in length, all bolted solidly 
together, lying in V's, can be turned easily by one man with a lever 
of 36 inches in length ; this proves the high character of the work. 

In speaking of the manufactured products of iron and steel, I 
shall take up first the subject of forgings made of iron. These were 
originally made out of faggots (bundles of iron bars) heated in a 
reverberatory furnace, and welded and shaped under a hammer 
which was generally too light ; the force of the blow did not reach 
the centre, and the result was that forgings of any considerable 
size were unsound in the middle. This occurred to such an extent 
that, in my early connection with machinery, I discarded forged 
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shafts entirely and substituted cast iron melted in an air furnace, 
and continued to use it, with one single exception, until we learned 
how to make, heat, forge, and treat steel in such a manner as to 
practically get it solid and free from internal strains, and were 
ready to recommend it as the proper material for shafts and mis- 
cellaneous forgings. 

I shall for a moment return to wrought iron forged shafts. I 
have known them to fail and be replaced by cast iron, which 
never gave any trouble, and a practical person giving the subject 
any serious consideration will see at once why a cast iron shaft 
should be better and safer than wrought iron, as they were made. 

In the first place, you can, by the use of the proper kind of pig 
iron, intelligently melted in an air furnace, get a tensile strength 
of 32,000 pounds per square inch, and, with a proper sink-head— 
I mean large, and the larger the better—you can get practically a 
solid casting, and I might add homogeneous and close in the grain ; 
while, as I have already stated, the forged shaft will, in all prob- 
ability, be unsound in the centre and coarse in the grain, and its 
tensile strength will be little if any greater than cast iron. 

I shall now refer to the single exception which I have before 
alluded to, believing a brief description of the shafts—and giving 
the reason why I used wrought iron and steel in place of cast 
iron, which had served me so well for a period of nearly fifty years 
—will be both interesting and instructive to you all, as it was to me 
at that time. First,the reason for using wrought iron and steel 
in place of cast iron was, that I wanted a three-throw crank for 
a three-cylinder engine, and had to use a built-up crank; at that 
time a solid forged crank of such dimensions as was needed could 
not have been made in this country. The stroke of the engine 
being short, reduced the distance from centre of shaft to the 
centre of crank pin to such an extent that I was compelled to 
reduce the diameter of the shafts to the smallest size consistent 
with safety in order to get sufficient metal between the holes in 
the crank to give the required strength. Steel at that time being © 
more expensive than wrought iron, it was economy to use iron 
when it would answer the purpose. I concluded to use steel for 
the main shaft and the first crank pin, and the others wrought 
iron. Not having at that time any overflow of confidence in 
either forged iron or steel shafts, and being anxious to get the 
best that could possibly be had, I consulted a friend who was 
using steel as to where was the best place to go for the steel 


. 
j a 
= 
\ 
| 
| 
} 
| 
| 
| 
| 
= 
' 


52 PROGRESS IN THE MANUFACTURE OF IRON AND STEEL. 


shaft and crank pin, and took his advice and so ordered them. 
The iron shafts and crank pins were from, what I considered at 
that time, the best forge plant in the country. Having had some 
previous experience in a small way with both metals, and the 
results not being altogether lovely, I thought it prudent to see in 
what condition the metal in the centre of these forgings was. In 
order to show this, a hole about four inches in diameter was bored 
through the centre of them all, seven in number, and all were 
unsound in the centre; in the iron the imperfections ran longi- 
tudinally, and the four-inch hole practically cleaned them out. 
The steel shaft, which was about fourteen inches in diameter and 
some twelve feet in length, proved unsound in the four-inch 
hole, and showed serious imperfections in the form of large 
cracks or openings running, as it were, circumferentially on the 
inside of the shaft; the hole was enlarged to about six and one- 
half inches in diameter, and some of the imperfections were still 
visible. The position of the shaft was such when in use that, 
should it give way, it would not be likely to do any serious dam- 


. age; so we concluded to use it. When the hole was bored through 


the steel crank pin it showed so badly that we split it in two 
lengthwise. It was full of cracks, some of them extending almost 
to the outer edge. Its condition was frightful to a person who 
was contemplating the building of a large plant for the purpose 
of making steel forgings, as I was at that time. My experience 
in making steel, in heating, rolling, and forging, had already con- 
vinced me that it would require great skill, and still greater care, 
to prevent imperfections in the interior of steel forgings, yet I was 
not prepared to witness anything approaching the condition which 
the splitting of this forging revealed. The chemical analysis, as I 
remember, was fairly good. There had been some blow-holes in 
the ingot, as there are in too many of them. To my mind the 
trouble was almost entirely due to two causes: first, the ingot 
had been put into a hot furnace and heated up too rapidly, pulling 


’ the centre apart, causing internal ruptures ; secondly, it had been 


forged under a light hammer, in all probability using steam on 
top of the piston, which gives a quick stroke, and does not give the 
metal time to flow, or the force of the blow to reach the centre of 
the ingot, consequently elongating the outside more rapidly than 
the interior; and the imperfections, whatever they may be, are 
always the weaker parts, and the effect of the blow on the out- 
side elongates them, as it were, by pulling them apart more rapidly 
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than the sound outside of the ingot; consequently the imperfec- 
tions were greatly augmented. 

Mr. W. F. Durfee, in a paper read before the Franklin Institute 
on the “ Conditions which Cause Wrought Iron to be Fibrous and 
Steel Low in Carbon to be Crystalline ”—and a most admirable 
paper it is, and one which every maker and user of steel should 
read and study—says, in regard to unsound ingots: “It is 
a common opinion that one of the reasons why steel forgings 
are often found hollow in the interior is the failure to work 
them under a sufficiently heavy hammer, but no hammer, not 
even the hammer of Thor, can do more than aggravate the 
evil of internal ruptures of ingots in steel.” This is well 
said, and is a truth which cannot be gainsaid. It was im- 
perfect or unsound ingots, lack of knowledge in heating, in 
forging, and also the want of proper skill to treat the forgings 
properly, after they were made, which caused so many failures in 
the early days of its manufacture, which made many people think 
and believe that there was some mysterious uncertainty in the 
metal. Consequently they discarded its use altogether; and to _ 
some extent this impression is still in existence, and, to my sur. 
prise, only a short time since quite a prominent engineer said to 
me that he was still using wrought-iron shafts on account of the 
uncertainty of steel forgings. To those persons who were using 
steel low in carbon, for various purposes, I would urge the use of 
a higher grade of steel, well knowing it would answer their pur- 
pose better; but was answered by saying that it required too 
high a grade of skill to utilize it; they must have a material which 


-any one could handle, consequently the steel was so low in carbon 


that it was no better than iron, and in many instances not as 
good. My own early experience having fully convinced me that 
nearly all the failures were due to the use of improper kind and 
grade of steel, being too low in carbon, and in most instances so 
high in phosphorus and sulphur that nothing but failure could be 
expected, yet it was useless to attempt to convince them that a 
higher-carbon steel of proper analysis would answer their pur- 
pose. They said no; we are going back to iron; we know what 
that is, and we can trust it. I was told that a machinist had let 


‘a locomotive crank pin fall off his shoulder on the shop floor and 


it broke in two pieces, and I could readily imagine that a condi- 
tion could exist which would render it liable to break from the 
most trifling cause. I also was told that in pinching a locomo- 
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tive back and forth in the shop, in order to set the valves, that a 
steel crank pin was broken, and many other mysterious cases, as 
the laymen called them, were reported. At all events the general 
condition of steel forgings was such that it was not safe to use 
them where loss of life might result from failure. I have already 
alluded to phosphorus and sulphur as most deleterious elements 
in steel. There are, however, still some people who contend that 
phosphorus to an extent not in excess of twelve one-hundredths 
(.12) will do no harm in low steel, and I have been told quite 
recently that a person who posed as a mechanical engineer and 
a steel maker, endorsed that position. He may be both, but I 
will take this occasion to put myself on record by saying that I 
have no use for phosphorus in any shape or form whatever, and 
by keeping it low you can increase the carbon, which is in the 
right direction for good steel. ; 

Having shown you something of the character of steel in its 
early days, and its failures, and the disrepute into which it 
fell, let us suppose that the mechanical engineers, who at that 
time were the men who had charge of the practical part of the 
steel business, had said that steel was no good, and dropped 
it, and said, “ We will go back to the old concrete of metal and 
cinder again; it is good enough ”—then where would we have 
been to-day? But they did nothing of the kind; and let me tell 
you the mechanical engineer of that day was not made of that 
kind of material, for the engineers who, in face of the prejudices 
of a continent, advocated the substitution of steel for iron were 
men who regarded obstacles and prejudices as things which 
were made to be conquered. Having been on many occasions 
placed in much the same situation in other lines, he had gone 
far enough to see that there was a valuable germ in steel for the 
future, and, if properly cultivated, it was sure to produce great 
results. What did he do? Took off his coat, called to his aid 
that all-important adjunct to steel makers, the chemist, and 
then went to work as he had done many times before when 
things looked equally discouraging, saying, ‘This seems to be a 
great thing, and we will put it through,” and produced the 
grandest material for construction purposes that the world has 
ever known, and, as I said before, which willtenable engineers 
to solve great constructive problems which, but for the improve- 
ments in the art of steel making, could not have been accom- 
plished. 


| 


| 

| 

| 

: 
| 
j 
1 
| 


PRESIDENTS ADDRESS, 1896. 55 


Now, after all the labor, anxiety, vexations, and disappoint- 
ments which have been suffered, and in the face of the final suc- 
cess, are we to be told that it cannot be used, because it re- 
quires too much skill and careful treatment in both forge and 
shop? I sincerely hope and believe that we are not. But there 
is another all-important feature of this subject, and that is the 
practical knowledge which is necessary-in order to select the 
proper quality of steel to be used for the various purposes to 
which it is to be applied; and the want of this knowledge has 
been the cause of many failures, and this knowledge can only be 
obtained by a large practical experience. When I say proper 
quality of steel for various purposes, I do not mean steel alone 
low in phosphorus and sulphur (for all steels should be low in 
both these obnoxious elements), but what I mean is the proper 
amount of carbon to suit the physical conditions which it will 
be called upon to endure, and experience must be our guide. 
Fortunately, much of it has already been obtained, so that there 
ought to be but little excuse for mistakes and failures. 

It is not the object of this paper to enumerate the various 
purposes for which steel should be used, or to indicate the 
proper amount or grade of carbon to suit the various and 
changeable conditions to which it will be subjected, but simply 
to call your attention to the importance of proper selection. 

I will now speak briefly of the subject of forging steel shafts 
hollow, as none other should be used. If not large enough in 
diameter to forge hollow, let them be bored out and properly 
annealed. Next I will call your particular attention to the all- 
important matter of the system to be adopted. While I was 
contemplating the design of a forging plant for making both 
light and heavy forgings, fortunately I met Lieutenant Jaques, 
U.S. N., who was secretary of the American Gun Foundry 
Board, and had just returned from abroad, where they had been 
inspecting the naval armaments of Europe, and they also investi- 
gated the various systems of forging gun material, and he was 
so highly impressed with the Whitworth hydraulic system of 
forging that he made arrangements with Sir Joseph Whitworth 
& Co., Limited, of Manchester, England, for the machinery for 
a complete forging plant, to be erected in any place in the United 
States and by any parties with whom he might desire to make 
arrangements. Shortly after Lieutenant Jaques’s return he vis- 
ited Bethlehem, and told me what he had seen done in the way 


i 
4 
4 
— 


56 PROGRESS IN THE MANUFACTURE OF IRON AND STEEL. 


of hollow forging. I was so impressed with his account that I 
at once advised the Bethlehem Iron Company to make arrange- 
ments for the machinery for a complete plant, which, after a time, 
they concluded to do, and through Lieutenant Jaques a con- 
tract was entered into with Sir Joseph Whitworth & Co., Lim- 
ited, for the machinery for a complete forging plant. Mr. 
Jaques resigned his commission in the Navy and became my 
associate in the inauguration and development of the Bethlehem 
plant which is now so well known. It is to Sir Joseph Whit- 
worth and his able superintendent, Mr. M. Gledhill, that the 
world is indebted for the most perfect system of forging which 
has ever been devised, and to Lieutenant Jaques the credit is 
due for its introduction into this country. In connection with 
the forging plant was included a hydraulic compression plant, 
under which the fluid steel is compressed during its solidifica- 
tion, which practically prevents cracks, piping, and blow-holes, 
and greatly reduces segregation, which are vital considerations 
in the manufacture of steel ingots. An imperfect ingot caused 
by piping or cracks should be condemned to remelting. 

The subject of hollow forgings being one in which the mechan- 
ical engineer is more or less interested, I will give a brief descrip- 
tion of the process, and how the ingot is prepared. Having 
already told you that the metal is subjected to pressure while in 
a fluid condition, I will now commence with a cold ingot. It is 
first examined externally, and if there are no imperfections vis- 
ible it is then put into a powerful lathe, and after the proper dis- 
card is cut off it is then cut to the proper length, that being deter- 
mined by the final weight of the forging for which it is intended. 
Next it goes to the boring mill, and is bored out to a size corre- 
sponding to the diameter of the hole in the finished forging. You 
now have the ingot (or such part as you want) in the best possi- 
ble shape for examination; and this is not all, for the centre of 
the ingot is always the most undesirable part of it, and the bor- 
ing of the hole gets it out of the way entirely. We now have it 
in the most desirable condition possible for the heating furnace, 
where it next goes, and it is in the heating that it is exposed to 
its greatest danger, and where skill and the greatest possible 
care are required. It must be charged in a cold furnace, which 
should be a preheating furnace, and heated up slowly until the 
heat reaches the centre ; it is then taken to the forge furnace, 
and heated slowly and regularly (in order to prevent internal 
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strains), until it reaches the proper temperature for forging. 
The higher the carbon the more care is required, especially in 
the first heating,.it being the crucial test, and where the damage 
is generally done, and if once done, it cannot possibly be repaired. 
When it is finally brought up to the proper heat it is taken to 
the press, and a mandrel is put in, and the forging commenced. 
This part of the operation requires skill, sound judgment, and 
great care to see that it is worked at the proper heat, and in a 
manner which will not produce any undue internal strains, and 
in irregular forgings special care must be taken in shouldering 
down and in working up flanges or projections, in order to pre- 
vent “ fins,” or excrescences, from forming, which may unnoticed 
work into the body of the forging. One of the great advantages 
of hollow forgings over solid is that by boring out the centre of 
the ingot the metal is reduced to less than one-half the thick- 
ness of the solid forging, and by using the press, the action 
being slow, the ends of the forging are convex, showing that 
the force of the press had reached the centre of the metal, while 
the hammer strikes a quick and sharp blow, affecting the outside 
of the metal to a much greater extent than the inside or centre, 
consequently the end of the forging is concaved. This shows at 
once the superiority of the press over the hammer. There are 
other advantages in the use of the press for forging purposes, 
but time will not permit a proper description of them. 

Having shown you the character of the steel which was first 
made, and the lack of knowledge in its treatment, I will now 
give you a brief illustration of the advance which has been made 
in both the practice of steel making and in the acquisition ot 
practical knowledge in its treatment, and also the progress which 
has been made in inducing the users of steel to employ a higher 
grade than they had previously been doing. 

The first shafting made was in 1888. The tensile strength of 
the steel was about 60,000 pounds, and the elongation about 28 or 
30 per cent. in two inches. At that time but little attention was 
given to the elastic limit or the contraction of area, which is 
now considered important, especially the latter. 

I shall now give you the result of some physical tests in order 
to show the progress which has been made. First I will give one 
test of iron as a starting point, it being, up to the introduction of 
cheap steel, the metal of the world. I can only give you the 
one test, it being the only one available at this time, but it is 
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more than a fair one for a comparison of a wrought-iron shaft 
with one of steel, for no such results could have been obtained 
from wrought-iron shafts as formerly made. . The tests were 
taken from a puddled bar reworked car axle. The tensile 
strength in the different test bars taken from this axle vary 
between 44,000 and 45,000 pounds, the elastic limit between 
18,000 and 23,000 pounds, the elongation between 21 and 27 
per cent., the contraction of area between 40 and 48 per cent. 
Compare this with some results obtained in hollow-forged, oil- 
hardened, and annealed nickel-steel shafting, the physical prop- 
erties of which are: tensile strength, 95,000 to 100,000 pounds ; 
elastic limit, 60,000 to 65,000 pounds ; elongation, 20 to 25 per 
cent.; contraction of area, 55 to 60 percent. It is safe to assume 
that in shafts of any size a nickel-steel shaft as above would 
have three times the elastic strength of a wrought-iron shaft, and 
taking into consideration the fact of hollow forging with judi- 
cious proportioning of inside and outside diameter, it would be 
possible to make a nickel-steel shaft of one-quarter the weight 
of a wrought-iron shaft and obtain the same elastic or working 
strength. The greater contraction of area shown by the nickel 
steel proves it a safer material against shock, as the greater the 
contraction the greater will be the amount of local distortion 
which can take place without rupture. This is clearly shown by 
the eld but still reliable bending test, which is always in pro- 
portion to the contraction of area, and not to the elongation, as 
most commonly supposed. This nickel-steel test is no fancy 
one gotten up for show, but was taken from the forging, and was 
the test on which the work was actually accepted, and was taken 
from a prolongation of the forging of a shaft 17 inches diameter. 
The hole was 11 inches diameter. You will notice that the 
shaft from which this test was taken was specially treated by 
oil-hardening and annealing. While I am fully aware that there 
are many persons, and some of them high in authority, who 
doubt the propriety of such, treatment, yet when the work is in 
a proper shape to receive the treatment, and it is made with 
intelligence and care, my experience has fully convinced me that 
this special treatment produces the best possible results, and 
for many purposes it is indispensable. Steel can be made 
higher in tensile strength and elastic limit than the test referred 
to, but to some extent it will be at the expense of extension and 
contraction of area. 
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Should steel of any kind or grade be constantly strained near 
to its elastic limit, it is only a question of time when it will fail, 
as, for instance, in shafting which is out of line sufficiently to 
strain the metal near to its limit. Every revolution surely tends 
to its ultimate destruction. 

Having already said that it was not the object of this paper to 
give any definite instructions as to the kind of steel to be used 
for various purposes, yet a few remarks showing how very difii- 
cult it would be to do so may prove both interesting and in- 
structive. Forgings are made from grades varying from .10 
carbon to 1.00, according to the purpose for which it is to be 
used. 

The physical properties as shown by test bars will vary with 
the carbon, the size of forging, and the amount of work put upon 
it; that is, two similar forgings made from different sized ingots 
will give different results. The treatment after forging, such as 
annealing, oil-hardening, etc., where varying temperatures pro- 
duce widely varying results, are conditions to be considered, so 
that it is quite impossible to give definite figures unless the 
conditions are well known. Take for instance two forgings of 
considerable difference in size and shape, both of which must 
show about the following properties : 


Elastic Contraction 
Tensile. Limit. Elongation. of Area 
80,000 45,000 15 50¢ 


One may require a steel of .30 carbon and the other .45 
carbon. These two steels, if rolled down to small bars, would 
show about the following results : 


Elastic Contraction 
Carbon. Tensile Strength, Limit. Elongation. of Area. 
30 85,000 50,000 22 55¢ 
45 95,000 60,000 18 50% 


Under ordinary conditions the elastic limit is about 50 per 
cent. of the tensile strength. In order to increase this propor- 
tion special treatment of the forging is resorted to. The 
elongation and contraction of area are also increased by treat- 
ment, especially the latter, so that with the elastic limit and 
contraction we have a safe index as to the condition of the 
metal, and as these two properties vary much -less with the 
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length and diameter of test bar, they are more valuable in com- 

paring results from varying sizes of test bar. As the carbon in 

steel increases, the variation, due to work reduction, becomes 

less, while that of annealing becomes greater. The variation 

obtained by treatment increases rapidly with increasing carbon. 
Steel .45 in carbon showing : 


Elastic Contraction 
Tensile Strength. Limit. Elongation. of Area. 
90,000 45,000 15 40% 


By oil-tempering : 
96,006 55,000 18 50% 


The above are about the best figures to be used in forging 
ordinary work. If higher or lower strength is required, it 
may be.obtained by varying the carbon. If increased strength 
and elastic limit are required, without sacrificing toughness, it 
may be obtained by using nickel steel. 

- As illustrative of the advantage of the use of higher carbon 
steels may be cited the piston rods of steam hammers, espe- 
cially those of large size, where the strains were found too 
severe for the softer steels to stand for any length of time, 
proving beyond question the value of considering the effect of 
the fatigue of metals, rather than a rupturing force of sudden 
application. In view of the above well-known facts it must 
seem strange that many progressive builders of steam engines 
still continue to use soft-steel rods as an alleged means of 
safety. In this instance it seems fair to congratulate the bicycle 
maker as the first to recognize the value of the development 
in the manufacture of steel, in the direction of higher carbon, 
with all its salient advantages, with regard to combining strength 
with lightness. 

There is no doubt that the elements of first cost, and timidity, 
have deterred some from a possible progress made available 
to them. 

The modulus of elasticity being constant in both high and 
low carbon steels, cases may arise in structural work where the 
higher steels, owing to the greater care necessary in working, 
with the consequent increase of cost, may offer no compensating 
advantage over the use of softer steels. 

Having learned that the introduction of a comparatively 
small percentage of nickel (which was first emphasized by Mr. 
James Riley of Glasgow) greatly improves the qualities of steel, 
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especially the elastic limit and contraction of area, would it be - 
unreasonable to think that other discoveries will be made which 
will still further improve the quality and greatly promote the 
art of steel making ? 

When we look back—and at times it is well to survey the 
past—we see the marvellous changes which have taken place 
within the last half century in the manufacture and production 
of iron and steel. We have seen already what nickel will do, and 
note the advantageous effect which a small amount of chromium 
or tungsten will produce in steel for certain purposes, and the 
remarkable results produced by Hadfield through the intro- 
duction.of manganese in varying quantities, and when we see 
the marvellous quieting effect produced on molten steel by the 
addition of an almost infinitesimal amount of aluminum, and 
with practical men watching with an intensity only known to 
one who loves his profession, for the slightest change which may 
take place in the art, and with the chemist at his side ready 
waiting to explain, and, if possible, turn them to advantage, it 
seems to me a justification of the views which I have taken, 
and leads us to anticipate great progress in the years to come. 

In conclusion, the modern practice of steel making has, in the 
hands of the mechanical engineer, the metallurgist, and chemist, 
wrought wonders in producing a material which in quantity, 
physical qualities, and cheapness would have been regarded as 
utterly impossible half a century ago, when steel rails, beams, 
angles, and plates were not thought of, and steel was regarded as 
a luxury among the materials of the working artisan. The labor 
of the men of iron and steel have so cheapened their products 
that to-day we are enabled to use steel for the commonest pur- 
poses as well as for the most expensive articles produced by 
the skill of the mechanic. No article is too humble to be made 
of it, and no structure so grand and important as to refuse its 
services ; it is demanded in the frying-pan as well as in the vast 
bridges and viaducts, as well in the housewife’s needle as in the 
great leviathans which have made the ocean but a span of less 
than a week ; thus we find steel asserting its value through 
every walk of life, and extending to every clime, linking lands in 
that bond which grows broader and stronger with the years, 
till even now we can see, if but dimly, on the horizon the prom- 
ise of the linking of nations in the universal brotherhood of 
mankind, and bringing the longed-for era of eternal peace. 
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It was not the intention of the writer to speak of matters be- 
yond date of his own experience, but it may be of historic value 
and interest to know something of the early plate mills, and I will 
make the following brief allusion to one of them : 

In 1810 Isaac Pennock built a mill near Coatesville, Chester 
County, Pa., and it is claimed that the first boiler plates which 
were made in this country were made on this mill. The plates 
were made from a single charcoal bloom, the bloom being made 
in an old-fashioned charcoal fire—pig metal. The blooms were 
reheated on an ordinary grate fire and rolled into plates, and 
were shipped without being sheared. There weré no railroads 
in those days. Coal was hauled from Columbia, distant 36 
miles. The plates were teamed to Philadelphia, 35 miles distant, 
and to Wilmington, 26 miles. Some of the older members of this 
Society will doubtless remember that in old times the boilers 
were small in diameter, and had narrow sheets. This came 
from the fact that they heated the blooms on a grate fire, and 
there being no reverberatory furnaces at that time in the country, 
could not be doubled ; consequently the size of the plate was 
limited to the size of the bloom. The rolls were small, and 
short of power to drive them. This mill has been rebuilt three 
or four times within my recollection. To-day they have open- 
hearth furnaces for making steel, and can roll plates 119 inches 
wide and of great length. One thing is quite remarkable about 
these works: they have always remained in the family of Isaac 
Pennock, and are at this time controlled by his descendants. 


Nore By THE SECRETARY.—Mr. Fritz illustrated the reading of this paper by 
a full-size drawing of the ingot lathe referred to on page 50. This drawing 
was mounted at the south end of the auditorium, and was too long to go even 
upon the thirty feet length of that wall. Two photographs were taken of the 
hall with the drawing in place, which are reproduced in Figs. 20 and 21. 


DISCUSSION. 


Mr. William ITIenry Jaques.—While it is not a general cus- 
tom of this Society, I believe, to discuss the addresses of our 
Presidents, I rise to a question of privilege to acknowledge the 
compliment which has been paid to me to-night in relation to my 
connection with the development of steel in the past ten years. 
To have had the opportunity to assist in making this country 
independent of the rest of the world in the production and hand- 
ling of great masses of steel, of armor and heavy ordnance, is cer- 
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tainly a privilege in itself ; but to have had my labors recognized 
as they have been this evening by the President of this Society, 
by the possessor of the Bessemer gold medal, and by the Dean of 
the steel industry of this country, is an honor for which I desire 
to express my gratitude, not only to the President and the Secre- 
tary of the Navy, who appointed me a member of the American 
Gun Foundry Board; to those steel-makers and producers of war 
material abroad who gave me the means of accomplishing my 
work, and to the steel makers of the United States, many of 
whom are present here to-night; but to you, Mr. President, for 
the benefit of your association and encouragement. (Applause.) 

The President.—I see that Mr. Andrew Carnegie is here. 

Mr, Andrew Carnegie.—If you will allow me to address you 
also as Dean, Mr. President, I would like to ask some questions 
which ought to bring out a most interesting discussion; for you 
know there is nothing which so well qualifies a man to draw out 
others as to know nothing about the subject under consideration. 
He will ask some foolish question, and then others who really 
know something begin to answer, and the result is that we all 
learn. 

The Dean has said that that big lathe of his is so rigged that 
the tools which are upside down on the back of the lathe, work 
better than downside up. (Laughter.) I think he ought to en- 
lighten us on this mystery. Then I think that a wayfaring man 
* would find it difficult to accept our President’s idea that a huge 
steel shaft, or anything else, can be. strengthened by taking the 
very heart out of it, especially since all who know him feel that it 
is his heart which makes our President himself so powerful and 
influential with all of us who know him. I say this without 
meaning any reflections upon his head. (Laughter.) 

I came here to-night to see once more the pleasant face of my 
friend, and because I knew he would tell us something interesting. 
I suppose there is no man in the United States who has more 
cause for gratitude to the profession of mechanical engineering 
than the speaker, who is admitted to-night among mechanical 
engineers, and who wears the wedding garment of membership 
in your honored Society. I hope that I am received among you 
for other reasons, and perhaps satisfactory, outside of my attain- 
ments as a mechanical engineer. (Applause.) 

I congratulate you, Mr. President, upon your youthful looks. 
I knew ary were good, but I never knew before that you were 
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handsome as well. (Laughter and applause.) I remember when 
it was announced at Johnstown in 1854 that John Fritz was com- 
ing. There was something mysterious and awe-inspiring in the 
name to the boy that I then was. It was so German ; it indicated 
so much solid learning; it was something like the feeling which 
I had when we first got a chemist whose name was Friel and who 
wore spectacles. He could even tell what there was in stones; 
and the chemist (like the man of whom Shakespeare tells who 
found sermons in stones) finds many things, good, bad, and indif- 
ferent, in stones, as there are sermons which are good, bad, and 
indifferent. (Laughter.) 

Mr. Fritz came to Johnstown when was a telegrapher on the 
Pennsylvania Railroad. I have seen the Cambria Iron Works 
grow under his charge, and I have known what he did there. I 
used to go to the mills and wonder at the massive machinery, and 
his paper brings back to me the experiences of those earlier days. 
But do you know that what staggers me is, that while it is forty 
years since I first saw Mr. Fritz, I find here that he looks not 
much less young and seemingly fully as vigorous as he looked 
then? He has changed the color of his hair—evidently dyeing it 
gray so as to be in the fashion with me—but with that exception 
I do not see much difference. He is as genial as then, and, if 
anything, mellowed and ripened by his age. I often think that 
while every stage of life may have its wreath, the highest crown 
is reserved for the age to which our President has not yet 
attained indeed, though he has some relish of age upon him. It 
is the crown of an old age rich in the respect and honor and 
friendship of those who know you best. We hope, sir, that many 
long years will be spared to you; and while it is impossible for 
you to rise higher in the esteem and affection of the troops of 
friends who love and admire you, still you can gratify them by 
continuing to come in and out among us and allowing us to claim 
you as our friend and mentor—the Nestor of our profession and 
the possessor of all our hearts. 

Mr. William Kent.—I hope that the President will call upon 
other steel engineers. Our meeting will not be complete unless 
we hear from both Bessemer and open-hearth engineers. 

The President.—I want to call on our friend Robert Hunt, who 
looks like a young fellow yet. He was one of the early boys in the 
Bessemer business, and has done his full share in the hard work of 
those early days, and has earned the success which he has attained. 
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Mr. Robert Hunt.—My friends who know me, Mr. President, 
will recognize that he who has a high forehead, such as I, takes a 
means to avoid the dye for his hair which Mr. Carnegie accuses 
his friends of using. (Laughter.) But, afterall, I still hope I 
am a boy, as Mr. Fritz has told you. 

I have been quite struck with the great ability which he has 
shown in all directions, and with his apparent frankness and want 
of guile. At the same time he possesses that great Pennsylvania 
quality of going to the point which he desires to reach, in spite of 
all obstacles. A few minutes ago he told you that the way to 
make a good steel shaft was to take the centre out of it. Now, 
I remember upon a memorable occasion—and made memorable 
through the good efforts of that dear departed friend of ours to 
whose memory we will pay our tribute to-morrow—that when 
Mr. Leavitt was called upon to give his testimony as to Mr. Fritz’s 
abilities as a steel maker, he pointed out that he, Mr. Fritz, had 
discovered that the true chemical way to eliminate phosphorus 
was to bore the centre out of whatever he made (laughter)— 
thus doing it mechanically. He is a great mechanic—not much 
of a chemist, but a tremendous mechanic. He started out with 
this little instrument (referring to Mr. Fritz’s hook-tool) and he 
developed that (pointing to drawing of a lathe). 

The President.—Show me how I held that. 

Mr. Hunt.—Y ou said it jerked you. I don’t want to take any 
risks. (Laughter.) And he undertakes mechanically to solve the 
whole trouble, and I don’t blame him. With the metallurgical 
materials with which he has had to dealI should have thought 
he would have built a bigger lathe. But I consider it a great 
privilege that to-night we have listened to this address. It isa 
great privilege to us of the steel world, who have done our little 
part in trying to accomplish something for that world, and inci- 
dentally for ourselves, to listen to the words from our master, 
from our teacher, and, if we were not so near the same age, I 
would say our father. But sometimes I think he is our step- 
father. What a great stepfather he has been to many of us! And 
when we have had troubles and difficulties and wondered how 
these would be’ overcome, he was always ready to give us good 
words of encouragement and advice, and behind all that there was 
the one great principle from which he has never deviated, and 
therefore he is as he is: “ Be true to yourself, then you will be 
true to everybody else, and no matter how the tides may seem 


H 
H 
| 
an 
J 
3 
a 
4 
7 


68 PROGRESS IN THE MANUFACTURE OF IRON AND STEEL. 


to come against you, there will be but one thing, and that is, to 
you success.” (Applause.) 

Mr. Wellman.—Mr. President, I do not know that I can say 
smuch. But I am very glad to be here to-night. Iam very glad 
to be here to greet our President, and very glad to have heard his 
paper. It takes my memory back, not a great many years ago, 
when as a boy down in New England I heard about Mr. Fritz and 
the great works he was building up in Pennsylvania. So I sat 
down one day and I thought I would write to him for a job. I 
wrote to him, but he—I have forgotten exactly what the answer 
was. But I didn’t get the job. (Laughter.) I suppose he had 
so many Pennsylvania boys down there that were just as anxious 
as I was. But not many months ago he was good enough to say 
that he was very sorry that he did not give me the job. 

The President.—I say that most heartily. 

Mr. Wellman.—I do not know that I can add anything to what 
has been said. I have been very much interested—particularly 
interested this afternoon when I was trying to get this big lathe 
upon the wall, especially to bend that end of it around the corner. 
That was a pretty tough job. (Laughter.) I thank you, Mr. 
President, for giving me the opportunity to speak. 

Mr, Allan Stirling.—Mr. President and gentlemen, I only wish 
to mention a name in connection with the mechanical engineering 
of the Bessemer process, and this name can very rightly be coupled 
with that of our respected President. My memory recalls an 
incident which occurred thirty years ago at Troy, New York. 
While at the Burden Works I received a visit from Mr. Alexander 
Lyman Holley and Mr. John Fritz, and I simply desire to couple 
those names together in speaking and thinking of the mechanical 
engineer and the Bessemer process. (Applause.) 

The President.—I think there is another gentleman here who 
was one of the earliest engineers connected with the Bessemer 
process, but I cannot see him. Is Mr. William F. Durfee 
present ? 

Is there any other gentleman who would like to make some 
remarks ? 

If not, I should like to ask the favor of the Society for a 
moment. Is Mr. Ellis Kent present? I would like you to come 
this way, please; and Mr. Frank Johnson. (Mr. Kent and Mr. 
Johnson stepped forward to the platform.) We all have a great 
deal to say about the men who get the credit for building up 
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these large plants. I think it is always a duty to acknowledge 
that we have had help, and very excellent help, from other 
sources. Mr. Kent here is a worthy member of our Society. Mr. 
Johnson is not a member, but he ought to be. Now, of this 
picture which you see on the wall here Mr. Kent was the 
draughtsman and Mr. Johnson assisted him, and the perfection 
of that tool is largely due to their assiduous labor and talent. 
(Applause.) Iam glad to have the opportunity of acknowledg- 
ing the assistance I have had from both of them, not only in that, 
but in other machinery. (Applause.) 
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DCCIL.* 
SOME SPECIAL FORMS OF COMPUTERS. 


BY F. A. HALSEY, NEW YORK CITY. 
(Member of the Society.) 


In these days of specialization most engineers have numerical 
problems which require to be solved in the same or similar 
forms over and over again. These may or may not involve 
difficulties and complexities, but in any case the routine soon 
becomes drudgery. It seems to me that I am performing a 
real service in calling attention to a type of computer by which 
such problems are solved in a twinkling, and without mental 
effort. 

These computers are simple mechanical devices, in the nature 
of special circular slide rules, designed for the solution of cer- 
tain more or less complicated formulas, each computer solving 
but the one formula (or in some special cases two) to which it 
is adapted. They are in this respect unlike the ordinary slide 
rule, which is, in a sense, a universal instrument. On the other 
hand, the slide rule covers only operations involving multipli- 
cation, division, squares, and square roots and their combina- 
tions, while these instruments can be made to handle any 
powers or roots or trigonometrical functions. Problems in- 
volving more than four factors, when solved by the slide rule, 
must be attacked piecemeal, whereas these computers may be 
made to solve at once problems containing any number of 
factors. 

They are provided with different logarithmic scales, similar 
to those on the slide rule, but with the important difference 
that each scale represents one definite factor in the formula, 
and is made sufficiently long to cover all probable values of 
that factor, so that positive quantities as 8, 80, 800, etc., are read 
off without chance of error, thus overcoming the slide rule 
difficulty of locating the decimal point. 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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In their simplest form the computers consist of a foundation 
plate in the centre of which a disk revolves. If the formula 
contains four factors, the scales representing two of them are 
placed around the upper and lower edges of the disk, the other 
two being similarly placed on the plate. When there are five 
or six factors in the formula, an extra piece of segmental shape 
revolves between the disk and the plate, and on this piece are 
laid off two more scales. All. these are arranged and combined 
so that the values of the known factors can be placed opposite 
each other, when the value of the unknown one, or the solution 
of the problem, is at once read off. 

The material used is the best bristol board, the foundation 
plate being often attached to a board of wood or other strong 
material. Small computers are often put up in cloth or leather 
cases. The sizes vary from 4} x 5} to 12x 14 inches, the larger 
ones being more suitable for the draughting-room or office. 

One important feature which adds considerably to the value 
of the computers is that in problems of which many solutions 
are possible, all the solutions are given at once, and may be 
read off from the contiguous scales. This feature is well illus- 
trated in the Strength of Gears Computer, described more at 
length below, which gives at once all possible combinations of 
pitch and face which will transmit the load, so that all that 
has to be done is to select suitable values for each ; whereas, 
when solving the formula arithmetically the value of one must 
be assumed, from which the other is then calculated. This 
. advantage is also illustrated by the Strength of Beams Com- 
puter, in which the scales of breadth and depth, which are con- 
tiguous, show at once all possible combinations of these, from 
which suitable values may be at once selected. 

In laying out these instruments no attempt is made to decide 
upon the values of constants about which authorities differ, or 
which involve individual experience in selection for particular 
cases. For such constants a special scale is provided, covering 
all probable values, from which the user selects the one which 
accords with his judgment, precisely as though he were solving 
the formula in the usual manner. 

As to their degree of reliability, much depends upon their 
size, the larger ones being, of course, more adapted to close 
and careful work. With such, the average error will not exceed 
1 per cent. In some cases where the scales are large and open 
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Fie. 22, 


this becomes reduced to { of 1 per cent. But as such decimal 
refinements do not in practice enter into sizes of pipes, dimen- 
sions of beams, etc., the computers can be relied upon to solve 
their respective formulas within all needed limits. 

Computers have been made to solve some fifty different for- 
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mulas, of which the Strength of Gears Computer may be taken 
as an example (Fig. 22). 
A formula much employed to ascertain the strength of gears 


is 
W = cpf, 
which may.be made to read, 
_ pxfxdxr, 


in which 
W = working load in pounds, 
p = circumferential pitch in inches, 
J = width of face in inches, 
d = diameter on pitch line in inches, 
y = revolutions per minute, 
c= a coefficient representing the safe working pressure 
exerted on the teeth of a wheel one inch pitch and one inch face. 
The coefficient ¢ is one which, as stated above, is not determined 
in the design of the computer; but a scale ranging between 100 
and 1,000 is provided, from which the user of the computer 
makes a selection in accordance with the kind of tooth, material, 
workmanship, speed, or his own judgment. 
The Strength of Gears Computer solves the above formula, 
and the manner of using it is as follows : 


TO FIND THE HORSE-POWER A GEAR WILL TRANSMIT. 


1. Set the face of the tooth to its pitch ; 

2. Bring the pitch diameter to the revolutions of the gear ; 

3. Opposite the selected pressure coefficient find the horse- 
power the gear will transmit. 


TO FIND THE PITCH AND FACE OF TOOTH TO TRANSMIT A GIVEN 
HORSE-POWER. 


1. Select a pressure coefficient and place it opposite the given 
horse-power. 

2. Hold the disk and set the segment to bring the revolutions 
opposite the diameter. - 

3. Find the required pitch opposite the face which goes with 
it. All coinciding lines of face and pitch scales give teeth of 
the same strength, and from them a tooth having the desired 
ratio of face to pitch may be selected. 
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The Strength of Gears Computer is shown in the engraving, 
set for the solution of the following problem : 

Required the dimensions of the teeth of a gear 24 inches 
diameter to transmit 40 horse-power at 70 revolutions : 

Assume c = 200. 

Set 200 of the pressure coefficient scale opposite 40 of the 
horse-power scale. Set 70 of the revolution scale opposite 24 
of the diameter scale. 

Now we find, coinciding with one another on their respective 
scales : 


5inches, 6 inches, 7} inches, 


All of which will do the work required, and from which a 
selection may be made. 

We also see that the same power would be transmitted by 
the same tooth on gears of the following diameters and speeds : 


14inches, 16 inches, 28 inches, 
Revolutions per minute.. 120 105 60 + 


These results illustrate the advantage of the instrument 
over arithmetical computation in setting before the eye at 
once all possible solutions of the problem. 

On the lower edge of the disk an arrow labelled “ velocity ” will 
be seen, from which we see at once that the velocity at the pitch 
line is 440 feet per minute, the figures of the revolution scale, 
for this purpose, reading as feet. 
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DCCIIT.* 


EXPERIMENTAL INVESTIGATION OF THE CUTTING 
OF BEVEL GEARS WITH ROTARY CUTTERS.t 


BY FORREST R. JONES AND ARTHUR L, GODDARD, MADISON, WIS. 
(Member of the Society.) (Non-Member.) 


TE usual method in shops which do not make a business of 
cutting bevel gears is either to run several trial cuts and test 
the gears until they mesh satisfactorily, or to file the teeth. 
While such “cut and try” methods may produce teeth whose 
outlines are more nearly the correct form for bevel-gear teeth 
than those of teeth formed with two cuts, very frequently they 
do not, and the extra time required for such operations is gen- 
erally time wasted. 

The operations in detail required to cut bevel gears with 
rotary cutters in a milling or similar machine are as follows: 
After the gear blank is set so that its axis lies in the median 
plane of the cutter and at the proper angle of elevation, cuts 
are run through it to rough out two or more of the spaces 
between the teeth; the middle of the tooth and its thickness are 
then marked on the pitch circle of the large end; the gear 
blank is then revolved through a small angle, less than that of 
a single pitch, and the table moved sidewise until the side of 
the cutter passes through one of the pitch points marking one 
side of the large end of the tooth, and a cut is taken on one 
side of all the teeth. The blank is then revolved an equal 
amount on the opposite side of its original position, and the 
table shifted to correspond, after which a cut is taken on the 
unfinished sides of the teeth, thus completing the gear. 

The only uncertainty in these operations is that of revolving 
the blank from its original or central position through such an 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 

+ Abstract of a thesis presented by Mr. Goddard for the degree of B.S. in 
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angle that the cutter shall pass through the pitch point of the 
larger end of a tooth, and at the same time cut just enough off 
the smaller end to allow the gear to mesh with its mates without 
further dressing of the teeth. 

A study of the problem led to the supposition that the 
amount a gear must be thus revolved could be expressed in 
terms of the pitch, the coefficient being a variable depending 
upon the centre angle of the gear, which is here taken as the 
angle between an element of the pitch cone and the axis of the 
gear. It was also thought that this angle through which the 
gear must be revolved must be independent of the pitch of the 
gear ; for, with a given pitch cone to be provided with a certain 
number of teeth, any pitch may be given to the resulting gear 
by selecting the base of the pitch cone at the proper distance 
from its apex to give the gear the required pitch diameter, since 
the pitch diameter of a bevel gear is measured on the larger 
end of the gear. And it is obvious that the setting which will 
answer for cutting a gear taken from one part of this. cone will 
answer for cutting a gear taken from any other part; yet the 
two gears would be of different pitches. 

In order to determine the proper setting for gears of different 
centre angles, the following apparatus was constructed and used 
experimentally. 

In Fig. 23 the vertical rod A serves as the axis of a gear; the 
sleeve B may be revolved upon and moved up and down J, and 
clamped in any desired position by means of the set-screw 
shown ; the split collars C and C’ may be turned or moved to 
any desired position upon B; these collars carry smooth rods 
Eand £’, on which the brackets D and D' may be moved and 
clamped wherever wanted; upon D and J’ are clamped the 
outlines of the outer and inner ends of the space between 
two teeth of an involute bevel gear. The outline of a segment 
of a bevelled gear of any desired centre angle or pitch may 
thus be constructed. 7’ is the outline of a cutter templet drawn 
upon stiff cardboard ; it is clamped to the bracket F, free to 
slide along the rod J, which is splined to receive a key attached 
to F’; F is rigidly fastened to the horizontal shaft 17, which is 
free to turn in its bearings @ and G’ ; J may be fixed at any 
desired angle by clamping upon // the dog K, one end of which 
swings down against a flat plate 7; the shaft H may be moved 
endwise in its bearings, which movement corresponds to the 
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lateral motion of the table of a milling machine, except that in 
this case the work is stationary and the cutter is shifted. 

The operation of the machine was as follows: The outlines 
of the outer and inner ends of a tooth space of a bevel gear of 


= 


one inch pitch and fifty teeth, were drawn by the approximate 
method as given in Brown & Sharpe’s “ Treatise on Gearing.” 
The outline of a cutter templet was drawn upon stiff cardboard, 
the curve being the same as that of the space at the large ends 
of the teeth. Pitch circles and median lines were drawn upon 
all the cards. Fig. 24 shows two sets of templets for bevel 
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gears having centre angles of 22 degrees and 52 degrées respec- 
tively, and fifty teeth each. The rod -/ was set parallel to an ele- 
ment of the pitch cone of the gear. This was done by calcu- 
lating, for a 24-inch radius, the chord of the complement of the 
centre angle, and measuring the length of chord thus deter- 
mined with a steel tape from points on J and on the base 24 
inches from the axis at G, as shown. Then the plates at D and 
D' were set perpendicular to -/, and the space templets clamped 
on. The positions of these templets were determined by meas- 
uring the radii of the pitch circles from A, and making the dis- 
tance between the two templets one-third the slant height of the 
pitch cone. The two templets were brought into alignment by 
sighting across two threads, one stretched along the base of the 
machine, and the other stretched from the top of A to the top 
of J, care being taken first to see that J was in proper alignment 
with A. The cutter templet was then clamped to the slide F, 
and the inclination of J was changed to that of the cutting 
angle. This was determined by adjusting until the lower edge 
of the cutter templet would pass through the circles marking 
the bottom of the space at both ends of the tooth. A hole cut 
in the middle of the cutter templet, as shown in Fig. 24, allowed 
the coincidence of the median lines to be determined. This 
completed the operation of setting up the machine. Next the 
sleeve B with its attachments was revolved through a small 
angle, and the shaft // was slid along in its bearings until the 
edge of the cutter templet passed through the pitch point 
marked O in Fig. 24. The slide / was then moved along until 
T rested upon the inner space templet. The rod J was swung 
up to allow moving the slide past D’, and as the dog K came 
down upon the flat plate the rod would come back to its orig- 
inal position when lowered. The amount of revolution was 
ascertained by marking through the hole in the cutter templet 
upon the pitch line of the outer card and measuring the dis- 
tance of this mark from the median line drawn on this card. 
This was then reduced to decimals of a pitch. 

It was at first considered necessary to revolve the gear enough 
to have the edge of the cutter templet pass through the outer 
pitch point O and the corner of the top of the inner end of the 
tooth; but,as may be seen from Fig. 24, curve P, on gears of 
small centre angle this cut the root of the tooth away con- 
siderably. It was then considered advisable to revolve the 
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gear so that the cutter left nearly as much at the top of the 
tooth at the inner end as it took off at the root. The settings 
which would produce this result were determined for a number 
of gears of centre angles varying, by steps of 4 degrees, from 
18 degrees to 52 degrees. At the same time the settings which 


$0 teeth in each gear. 
Space templets, large ends. 
\ L \ L 


Space templets, small ends. 


\ 


Cutter templets. 
\ J \ / 
52° \ 22° 
Fig. 24. 


would cause the edge of the cutter to pass through the outer 
pitch point O and the corner of the top of the inner end of the 
tooth were determined. The former series of settings, indicated 
by X in Fig. 25, seemed to require a revolving of the gear 
through about .15 of a pitch for any centre angle of 18 degrees 
and upwards ; and the latter series, indicated by ©, seemed to 
require a revolving through about .13 of a pitch. But it was 
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noticed that as the centre angle increased, less stock was left 
on the top of the tooth at the inner end, and less was taken off 
at the root. This is shown in Fig. 24; on the space templet for 
the small end of the space for the gear of 22 degrees centre 
angle, the line marked 7 indicates the true outline of the 
space ; the line marked M indicates the outline of the space as 
it would be when cut if the gear were set so that the cutter left 
as much stock on the inner end of the tooth at the top as 
it took off at the root; and the line marked P indicates 
the outline of the tooth as it would be when cut if the gear 
were set so that the edge of the cutter would pass through the 
corner of the tooth at the top of the inner end. On the templet 
for the inner end of the space for a gear of 52 degrees centre 
angle, the lines marked 7 and J indicate corresponding 
features of the tooth ; but here the lines almost coincide. This 
shows how much more nearly correct gears of large centre 
angles are when cut with rotary cutters than those of small centre 
angles. This is because the circles upon which the teeth are 
developed grow greater in proportion to the pitch circles of the 
gears as the centre angle increases ; hence the involute outlines 
of the teeth approximate more closely to a straight line, and 
there is consequently less difference of curvature between the 
two ends of the teeth. 

The greater variation from the correct outline in the gears of 
small centre angles, as shown by the curves 7’ and in Fig. 24, 
would be still more marked were it not for the fact that when a 
gear of small centre angle rotates through any given angle, a 
point on its pitch circle (at either end of the teeth) passes 
through a greater portion of the circle upon which the teeth are 
developed than it does for a large centre angle ; therefore, for a 
given amount of rotation about its axis, a tooth of a small centre- 
angled gear has a greater angular rotation about its centres of 
development than one of a large centre angle. (The centre of 
development is taken as the intersection of the axis of the gear 
with a line normal to the surface of the pitch cone at the same 
distance from its apex as the section of the tooth under con- 
sideration.) This greater rotation about the centre of develop- 
ment causes more metal to be removed from near the top of the 
tooth of the gear having a small centre angle. 

The difference of effect upon the inner ends of the teeth would 
prevent the extra thick points of the teeth of small centre angles 
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from entering the spaces of gears of larger centre angles with 
which they are torun. It was deemed best to cut the gears of 
larger centre angles as nearly correct as possible, and to cut the 
gears of smaller centre angles to mesh with them. A curve was 
drawn, therefore, between the two series of settings which had 
been determined, which, it was thought, would give this result. 
This curve is shown by the heavy line in Fig. 25. Then four 
pairs of gears were cut with Brown & Sharpe’s involute bevel- 


18 


Revolutions 


gear cutters, according to the settings indicated by this curve. 
The gears were: 6 pitch, 20 and 30 teeth, centre angles 333 
degrees and 563 degrees ; 7 pitch, 16 and 36 teeth, centre angles 
234; degrees and 66? degrees; 7 pitch, 28 and 48 teeth, centre 
angles 30; degrees and 59% degrees; and 10 pitch, 32 teeth, 
centre angles 45 degrees. The settings were : 
Centre angle 23} degrees ; revolved .135 circular pitch. 


“e “ 


oe 


These gears all meshed to the correct depth and ran with the 
bearing surface extended the whole length of the tooth. Ata 
speed of about 400 feet per minute at the periphery, the gears 
with the greatest velocity ratio rattled considerably ; but this 
must always be the case with such gears cut with two cuts, if 
the bearing is to be distributed along the whole length of the 
teeth. If it is more desirable to have the gears run quietly 
than to bear the whole length of the teeth, then they should be 
revolved less from the central position, thus allowing more to 
be cut from the inner ends of the teeth, which would leave the x 
bearing almost altogether at the outer ends. 
‘ 
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The 7-pitch gears of 16 and 36 teeth and the 6-pitch gears of 
20 and 30 teeth had faces } of an inch long, which is about one- 
quarter of the slant height of the pitch cone, as those were the 
dimensions for which the cutters were designed. The shaded 
parts of Fig. 26 show how the bearing surfaces were distributed 
along the sides of the teeth of these gears. The 7-pitch gears of 
28 and 48 teeth had a length of faces also about one-quarter of 
the slant height of the pitch cone ; but in this case the faces of 
the teeth were 1} inches long. The bearing surfaces of the teeth 
of these gears were distributed similarly to those shown in 
Fig. 26. The 10-pitch mitre gears of 32 teeth had faces 1 inch 
long, which is about .44 of the slant height of the pitch cone. 


Fie. 27. 


The bearing surfaces of these gears were distributed similarly 
to that shown for the pinion in Fig. 26. 

The exact setting desired cannot usually be obtained on the 
ordinary dividing head of a milling machine, so the spacing 
device shown in Fig. 27 was made. It is a circular plate } of an 
inch thick, with a pin in the centre which fits in the holes of the 
index plate of the dividing head of the gear-cutting machine, 
and has a series of holes of the size of those in the index plate, 
arranged in a spiral. The required partial revolution of the 
gear to obtain the correct setting is reduced to decimals of a 
revolution of the index plate. Suppose this requires .125 of a 
revolution of the index plate, as was the case with the gear of 48 
teeth. The index plate used had 20 holes in the outer row, which 
makes two and one-half of its spaces correspond to the required 
-125 revolution. Therefore the pin on the spacing plate was 
inserted in the hole in the index plate second from the one in 
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which the locking pin of the dividing head had been inserted, 
and then the index plate was turned till the locking pin entered 
the proper hole in the spacing plate, which, of course, in this 
case, was at a distance from the centre pin of the spacing plate 
equal to one-half of the space between consecutive holes of the 
20-hole row of the index plate. 
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DCCIV.* 


THE WASHING OF BITUMINOUS COAL BY THE 
LUHRIG PROCESS. 


BY J. Vv. SCHAEFER, CHICAGO, ILL. 
(Member of the Society.) 


THE composition of fuel is a matter so vitally connected with 
all commercial and manufacturing industries, that the removal 
of the impurities in coal has been made a subject of much study 
and experimental work. Before giving a detailed description of 
the latest plant built on the Luhrig system the writer desires 
to consider briefly the nature of these impurities, the means to 
be employed to remove them, and the advantages of the cleaned 
coal. 

The principal impurities in coal which it is desired to remove 
are ash in the form of slate, and bone coal, and sulphur in the 
form of pyrites. The larger pieces of slate, bone, and pyrites can 
be removed by hand picking. Fortunately, all these materials 
have a specific gravity greater than that of pure coal. It is 
therefore possible to remove these elements from the small coal 
by using water in such a way as to float off the coal, which is 
lighter, leaving the slate, bone, and pyrites to settle. This is the 
process called washing. 

The incombustible matter in coal generally consists of silicate 
of alumina and oxide of iron. In blast furnaces the oxide 
of iron is reduced, but when present in fuel used for generating 
steam it forms into clinkers on the bars of the furnace grate, 
resulting in great loss. 

Coal ashes often contain about 90 per cent. of silicate of 
alumina. The proportion of silica to alumina is generally } to 2. 
The latter proportion generally exists in coal with a high 
percentage of ash. This silicate is almost infusible, and in 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
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WASHING BITUMINOUS COAL BY THE LUHRIG PROCESS. 85 
order to flux it for good working of the furnace it requires an 
addition of lime. 

In blast furnaces on Bessemer iron the slags are generally of 
the following composition : 

Lime, 47. 
Silica, 38. 
Alumina, 15. 

The proportion between alumina and lime is about 1 to 3, but 
if lime be added in the same proportion to the alumina of the 
ashes of the fuel, the proportion of the bases to the silica will 
be much greater than in the Bessemer slag. However, to 
prevent an exaggerated estimate of loss, the lime (in the follow- 
ing calculation) will be only added in sufficient quantity to 
make the ashes of the fuel as basic as the remainder of the slag 
produced in the furnace. 

Let it be assumed that 22 ewt. of coke, containing— 


Carbon, 92 per cent. : 
Ash, 5 per cent. ; 
Moisture, 3 per cent., 


will produce one ton of Bessemer iron. 


The following will show, with this data, what amount of coke 
will be required when the coke contains— 


Carbon, 82 per cent. ; 

Ash, 15 per cent. ; 

Moisture, 3 per cent. 
The principal elements of the ash being— 

Silica, 49 per cent. ; 

Alumina, 25 per cent. ; 

Lime, etc., 8 per cent., 
22 ewt. of coke with 92 per cent. carbon gives 20.24 ewt. of 
carbon per ton of iron. 

Again, 20.24 cwt. of carbon represents 24.7 cwt. of coke 
when there is 82 per cent. of carbon; ‘.e., with 15 per cent. 
of ash. 

The 10 per cent. of additional ash in the dirtier coke equals 2.5 
ewt., consisting of 1.23 cwt. silica, 0.82 ewt. bases, 0.45 ewt. oxide of 
iron. The bases take up 0.5 cwt. of silica, leaving 0.73 cwt. to 
be fluxed by adding lime to the extent of 1.2 cwt., which is 
equal to 2.2 cwt. of limestone. The total slag due to the extra 
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10 per cent. of ash in the coke will therefore be 3.7 cwt., consisting 
of 2.5 ewt. ashes plus 1.2 ewt. lime. 

Units. 
The fusion of 3.7 cwt. of slag requires, according to Bell, 3.7 x 550 = .... 2,035 
To expel the carbonic acid from 2.2 cwt. of limestone requires 2.2 x 870= 814 


To decompose 0.264 cwt. of carbonic acid of the limestone requires 0.264 x 


Total cwt. heat units 


Taking 4,400 as the number of units developed by 1 ewt. 
of carbon in the blast furnace, the above will represent 
3694 
1400 0.84 ewt. of carbon. 


The carbon, therefore, in the inferior coke must be 
20.24 + 0.84 = 21.08, instead of 20.24 ewt. Consequently, the coke 
required with 15 per cent. of ash will be 82:100:: 21.08: 25.7 
ewt., or 3.7 ewt. coke, for every ton of iron produced, more than 
coke with only 5 per cent. of ash, or about 17 per cent. of coke 
extra. 

To this loss must be added the cost of 2} cwt. of limestone, 
which would of itself more than cover the cost of washing. It 
is evident, therefore, that a great saving can be effected by 
washing coal to be used for metallurgical purposes. 

Connelsville coal contains 0.53 per cent. of sulphur. It is 
considered that any coal which contains in the coke made from 
it more than 1 per cent. of sulphur is not fitted for blast-furnace 
use. As many coking coals do contain more than 1 per cent. of 
sulphur, it is in these cases absolutely necessary to wash them 
carefully if they are to be made into coke for blast-furnace use. 

The table here given shows a few results which have been 
obtained by washing coals from different sections of this country, 
and is interesting in that it shows to what extent ash and sulphur 
may be removed from coal : 
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Asi. SuLPuHuR. 
No. LocaTIon. 
| Unwashed. | Washed. | Unwashed: | Washed. 
| 
« % % % 

1 Sloss, Birmingham, Ala........| 10.00 5.80 2.65 1.92 

2 |Sopris, Sopris, Col............ 22.48 7.20 
8 |Big Muddy, Carterville, Ill....| 14.25 4.50 1.14 0.97 

4 Blossburg, Birmingham, Ala... 7.68 4.60 2.29 1.48 

5 |Mary Lee, Birmingham, Ala.../ 10.32 6.14 0.89 0.71 

6 |Belt, Montana................ 29.69 7.35 4.82 2.40 

7 'Toluca, Toluca, Ill 18.61 4.92 4.02 2.49 

8 |Brazil, Brazil, Ind... 24.88 
9 |Rogers, Lisbon, O..... a ag 12.78 4.90 3.14 1.27 
10 |Alexandria, Greensburg, Pa. .| 10.60 5.00 1.14 0.62 
11 (Cherry Valley No. 3, Leetonia, O 9.88 5.00 3.83 1.72 
12 |\Comox, Union Bay, B. C...... 35.50 8.50 | 2.15 1.30 
18 |Sand Coulee, Montana......... 25.59 7.25 | 4.24 1.87 
14 |Cokedale, Montana............ 31.00 anes 


In a properly conducted washing operation as practised under 
the Luhrig system, nothing essential to coking is lost. In some 
of the less thorough systems—if indeed they may at all be 
called systems—a considerable amount of bituminous matter and 
pure coal is lost. These losses, however, are inexcusable, and 
should not be charged to coal washing in general. 

Again, the cost of manufacture of coke from dirty coal is 
greater than that of coke from clean coal. Let us assume that 
the coal contains 10 per cent. of removable ash. As the price 
of the coke is proportionate inversely to its percentage of ash, 
it is necessary in this case to maintain a coking plant one-tenth 
larger than if the coal was washed, in order to produce the same 
money equivalent. 

All that has been stated above applies with almost equal force 
to coal used under a boiler for generating steam. In the process 
of burning, the iron, sulphur, etc., in the removable dirt, together 
with the fied incombustible matter in the coal, melt together 
and form a vitrified mass on the grate bars, called clinker. This 
greatly impedes the passage of air between the bars and causes 
imperfect combustion. Moreover, when the bars are covered 
with a firmly adherent mass of clinker they are no longer cooled 
by a current of cold air, and so become heated, and “ burn out.” 
To compensate for these losses an extra amount of fuel must be 
provided, the cost of which, and the cost of removing the ash 
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and repairing grate bars, are items that make the desirability 
of washing very apparent. 

The cost of transportation on a dirty coal is also an element 
well worth considering. In a coal having 18 per cent. ash there 
is probably 10 per cent. that might have been left at the mine 
by a process of washing. In many cases as high as 70 per cent. 
of the price a consumer pays for coal goes for railroad trans- 
portation ; 7 per cent., therefore, of the price the consumer 
pays goes for transporting the very thing he doesn’t want—a 
product worse than useless, as it spoils his fire, burns out his 
grate bars, and costs money to haul away from his ash pit. As 
this 10 per cent. of removable ash can be washed out atthe mine 
at a cost of two to five cents per ton, the transportation charges 
on it alone will pay for the cost of washing and the shrinkage 
in volume due to washing. As this washed coal will have 11 
per cent. greater calorific power the consumer can pay such a 
price for it as will leave a liberal margin of profit for both con- 
sumer and producer. This readily accounts for the fact that 
wherever it has been introduced washed coal has found a ready 
market. Parties who once try it are nearly always converted to 
its continued use. 

A thorough system of washing involves the careful separation 
of the coal into different sizes—No. 1 and No. 2 nut, No. 3 and 
No. 4 pea, and sludge. It is a universally accepted fact that the 
best results are obtained by using coal of a uniform size. There- 
fore the smaller sizes of washed coal often make a much better 
fire than the run-of-mine or lump coal that has previously been 
used at a higher price. The much higher efficiency of an evenly 
graded nut coal over lump coal and the increasing use of 
mechanical stokers are facts which, in the writer’s opinion, will 
soon compel the coal producer to prepare his steam coal for the 
demands of the market by crushing and washing. By using the 
sludge or intermediate product (this term will be fully explained 
later) it is often possible for a mine operator to use under 
his own boilers the product for which he has no market, and 
sell or coke all the remainder. 

Freight charges and low prices for small coal often combine 
to produce conditions where the slack coal becomes a very trou- 
blesome affair. It cannot. be sold, so that it must be hauled to 
the dump at a cost of considerable money, and often it becomes 
even there an intolerable nuisance by its firing and clogging 
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streams. In many cases where these conditions exist, a wash- 
_ ing plant will convert this expensive slack pile into a marketable 
product which will make a showing on the other side of the 
ledger. 

Again, much small coal is often left in the mine because it 
does not pay to hoist it. This, of course, means just so much 
of the coal territory made unproductive. It has been found 
profitable to hoist this and, by washing, make of it a marketable 
coal. 

The washing of coal is, properly speaking, a process, not a sin- 
gle operation. There is involved in it such an arrangement of 
various elevators, conveyors, jigs, etc., etc., with respect to their 
individual and related uses and to their environment that they 
will work in harmony with each other and handle coal and 
water to the best advantage. 

For fuel purposes coal must not be broken into fine pieces more 
than is unavoidable. To this end bar screens and all dumps 
which tend to break the coal should be avoided, and in their 
places should be used shaking screens and rotary dumps. The 
pit cars should be dumped into a hopper at the head of the 
screen in such a manner as to allow the coal to flow gently on 
to the upper end of the shaking screen. On this screen the 
hand picking can be done. 

For coking coal it is usually necessary to put in crushers and 
disintegrators. This is especially true of those coals that are 
low in volatile matter. When the coal must be reduced to a 
fine state before coking it should be washed first and disintegrated 
afterward. The reason for this will be fully explained below in 
the description of a Luhrig coking-coal washery. If all the 
product of the mine is coked, and the slate and pyrites occur in 
large pieces in the lump and egg-coal sizes, these sizes should 
be hand-picked before going to the breaker, where they are 
broken to nut-coal size before going to the washer. 

All water that has been used should be clarified so as to be 
used over again. As it takes about a ton of water to wash a ton 
of coal, there are few localities where it is possible to obtain a 
sufficient quantity of water to allow it to flow away after being 
used. Indeed, when it is possible to do this it is not desirable, 
for the reason that much coal is thus lost, and the damage done 
to streams by the deposits of fine coal and refuse are apt to 
cause expensive litigation. The water carrying fine coal should 
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be allowed to settle, the clarified water being used over again, 
and the fine coal or sludge being saved for coking or for use 
under the boilers. The water carrying refuse should be treated 
in the same way, and the refuse, drained of its water, dumped on 
if a pile on the mine property. When these precautions are 
observed a very small stream of fresh water, usually not over 
i 23-inch pipe, suffices for washing purposes. 
} The perfection of the process of coal washing is due almost 
Vy entirely to the efforts made in this direction by Mr. Carl Luhrig, 
A} of Germany ; but others have labored in this line, and it will be 
can of value in getting an understanding of the perfection of the 
it Luhrig system to review in a cursory manner some of these 
other efforts before passing on to the description of a Luhrig 
washery. 
i Among mechanical appliances for the washing of coal prob- 
i) ably the most primitive consists of a long wooden trough 
| divided by low cross dams at intervals. This sluice is given such 
an inclination that the water has sufficient force to float the coal 
over the dams, while the heavier pieces of slate and pyrites are 
retained and removed at intervals with a rake. 
1] Another appliance consists of an inverted cone-shaped recep- 
tacle. Water is forced into this tub near the apex at the 
bottom, and flowing out at the top it floats over the coal, allow- 
ing the slate and pyrites to settle and be removed at intervals by 
. means of valves. In order to facilitate the separation, stirring- 
. arms are put in the tub to keep the water and coal agitated, and 
so aid the separation. 
i A percussion table has been used with some success. It con- 
sists of a shallow wooden chute or table about eight feet long 
if and three feet wide with sides six inches high. This is made 
slightly concave upward and suspended by rods in an almost 
horizontal position. The bottom consists of a sheet of galvan- 
ized iron; above this, about one inch clear, is a false bottom 
made of wooden riffles. These rifles are placed close together, 
with a space of one-thirty-second inch between, and have their 
upper edges, pointing toward the higher end of the table, sharp- 
ened by the insertion of a piece of sheet metal. This table is 
allowed to fall forward, and then is thrown back violently 
against a bumping post. As the coal and water in a mixed 
stream flow on to the higher end of this table, the upward 
bumping action throws the heavier particles, which settle down 
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so the riffles can act on them, up and off the higher end of the 
table, while the clean coal and water flow off the lower end. 
The receptacle between bottom and false bottom being filled 
with water, aids the separation and allows the removal of the 
finer refuse. 

All of these appliances have been used with some success, 
but they are all wasteful of coal and water, their results on 
different coals cannot be assured in advance with any reason- 
able degree of certainty, and they have never been developed 
into any complete system. Nothing but a running stream will 
supply the trough washer with water. The inverted cone is 
tolerably effective with the larger sizes of coal, but inefficient 
in dealing with smaller sizes and dust. The percussion table 
requires such careful watching to keep the supplies of coal and 
water balanced that it is very difficult to keep regulated. The 
form of the table also requires changing to suit different coals, 
and as this can only be determined by actual experiment the 
installation of such a plant proves very troublesome. 

By far the best results that have been obtained have been 
reached by means of various forms of the old Hartz ore jig. 
The jig consists in general of a box divided vertically into two 
compartments from the top to a. point below the water line. In 
one of these compartments a plunger plays up and down. The 
other compartment is closed near its bottom by a screen. Coal 
is placed continuously on the screen near the partition and 
water is forced into the back of the other compartment below 
the plunger. The action of the plunger imparts a pulsating 
motion to the water, which, acting upward through the meshes of 
the screen, lifts the lighter parts, allowing the coal to flow out of 
the front of this compartment near the top, while the slates pass 
out at a point lower down. 

Mr. Luhrig conceived the idea of using pieces of broken 
feldspar on the screen when fine coal is to be washed. This 
has proven very successful on fine coal. The refuse which in 
this case passes out of the bottom of the jig has to pass through 
the interstices of the feldspar in a tortuous way, and the pulsat- 
ing water has thus abundant opportunity to act on the mass and 
lift out the lighter particles of coal. 

These jigs have been made in various ways, represented in 
this country by the so-called Diescher, Stutz, and Stein washers, 
all the same in principle, but differing in essential details from 
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the Luhrig jigs. Jt must be kept in mind, however, that ‘success 
in coal washing does not depend so much on individual machines 
and appliances which can be made in any good machine shop as 
it does on the process and the system upon which the whole 
plant has been built and is operated. The nature of the coal 
must in every case be taken into account, the purposes for which 
it is to be used, and the plant designed accordingly. It follows 
that every plant is different, and imitation of previously carried 
out plans is generally faulty and disappointing. It is therefore 
advisable to place the design of washing plants into the hands 
of an expert who, by training and experience in this particular 
line of work, is qualified to so systematize and arrange the 
plant to meet existing conditions as to produce the best results. 

The perfection of the Luhrig system of coal washing was the 
life work of Mr. Luhrig among some of the most dirty and dif- 
ficult coals of Europe. This system, after being perfected in 
Germany and covered in its essential details by letters patent, 
was introduced into England and Scotland by the Messrs. Merry 
& Cuninghame at their collieries. Its work at these places was 
so effective and so far in advance of the results obtained by other 
processes of washing that it is now almost exclusively used in 
Great Britain. 

Messrs. Cuninghame & Co., controlling the Luhrig patents in 
the United States and Canada, have introduced the system into 
this country, and have built successful Luhrig washeries at 
Carterville and DeSoto, Illinois ; Belt, Montana ; and Union Bay, 
Vancouver Island. A six-hundred-ton plant for coking coal is 
now building at Greensburg, Pa., for the Alexandria Coal Com- 
pany’s Crabtree Mine. This washer is situated in that belt of 
coal country immediately contiguous to and surrounding the Con- 
nellsville region. The coal has all the coking qualities of the 
Connellsville coal, but being higher in ash and sulphur, its coke 
does not command the price for blast furnace and foundry use 
which is obtained for the Connellsville. And it is for the purpose 
of washing out these impurities that the Alexandria Coal Com- 
pany are spending a large sum of money in this plant, hoping 
thereby to sell their coke for full Connellsville price. When we 
consider that Connellsville is the standard coke of this country, 
that the Connellsville field is comparatively small and is prac- 
tically owned by one man, and that a thoroughly successful 
washing will make available thousands upon thousands of acres 


al 
| 
| 
Le 
14 
d 
1 
i 
Vi 
| 
if 
q 
{ 
; 
‘ 
Vig 
a 


WASHING BITUMINOUS COAL BY THE LUHRIG PROCESS. 


il 
i 


93 


Fie. 28. 


| 
= 
~ 
= 
| 
; 
q 
| N = x 
| 
if 


94 WASHING BITUMINOUS COAL BY THE LUHRIG PROCESS. 


of coal for coke, fully equal to the Connellsville standard, we 
realize in some measure how much interest attaches to the 
success of this enterprise in western Pennsylvania. The fol- 
lowing is a description of this plant (see Figs. 28-30) : 

A five-hundred-ton storage bin already in place will be used 
for the present for a “raw coal” storage bin. From this bin 


Fie. 29. 


the unwashed coal, crushed to the size of nut coal and under, 
flows into the elevator 1, which takes the raw coal to the top of 
the washery. This elevator delivers to the triple-jacketed screen 
2, which is approximately fifteen feet long by eight feet diameter 
and grades all the coal into four sizes, Nos. 1, 2, and 3 nut, and 
fine coal. On the third floor of the building are six nut-coal jigs, 
two for each of the three sizes of nut coal. These jigs are so 
adjusted that only the very clean nut coal goes over as coal, and 
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is sluiced to the draining screen 3. This screen has three-eighth- 
inch openings, thoroughly drains the coal, and delivers it into 
elevator 4. This elevator runs slowly, and has perforated 
buckets so as to further drain off the water and deliver the coal 
into the washed coal storage bins as dry as possible. - 

All material going into the nut-coal jigs which does not flow 
out as clean coal passes out on a lower level as refuse. This 
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refuse is automatically collected by a screw conveyor 5, and 
delivered to the perforated bucket elevator 6, which lifts it out 
of the water and delivers it to the crusher 7. It is this mate- 
rial which has been referred to above as “ intermediate product.” 
It consists of refuse matter, bone coal, and pieces of pure coal 
which adhere to refuse. matter, all having a higher specific 
gravity than the clean coal. This intermediate product is 
raised from the crusher by means of elevator 8, to screen 9, 
where it is again graded, and then rewashed in two special 
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feldspar rewashing jigs, 10. The cleaned coal from these 
rewashing jigs flows into the perforated bucket elevator 11, 
where it is drained, and falls into bin 12 to be used as fuel. 

The great advantage, in a washery for coking coal, in thus 
washing the nut coal before crushing is readily apparent. All 
impurities intergrown with the coal in the nut-coal sizes are 
thus at once and forever taken out of the coking coal, cleansed 
and used for other purposes. If these pieces were crushed 
before washing, their impurities would be mixed with the clean 
coal, and no amount of subsequent washing would get it all out 
again. If it is desired to reduce all the coal to a fine state 
before coking, it is better to wash first, and then disintegrate 
the clean nut coals after washing. 

The fine coal passing through the openings in the outer 
jacket of screen 2 is met by the stream of water from the drain- 
ing screen 3 and washed into the hydraulic grading box 13. 
This is a V-shaped box having six compartments corresponding 
to the six fine-coal jigs. Herein the fine coal automatically 
grades itself into six different sizes. Each of these sizes is 
washed by itself in one of the six feldspar jigs, 14. All jigs are 
driven by adjustable eccentrics, so that they may be very accu- 
rately adjusted to wash the particular size and kind of material 
which goes to them. 

The clean coal from the fine-coal jigs 14 is sluiced to the 
draining screen 15, having one-eighth-inch openings. From 
here the coal passes to elevator 4. The water and fine coal dust 
passing through the openings of this screen flow to the sludge 
elevator 16. The final refuse from the fine-coal jigs 14, and 
from the rewashing jigs 10, passes to the final refuse elevator 
17. This delivers it to a bin from which it is drawn from time 
to time and carted to the dump. 

The elevator:17 has perforated buckets. Its foot rests in a 
V-shaped water-tight box. Lying full length along the bottom 
of this box isa serew conveyor. The water carrying refuse is 
discharged directly into the buckets of the elevator, so as to 
catch. as much of the refuse as possible. What flows over with 
the water settles gradually to the bottom and is taken to the 
elevator by the screw conveyor. The water overflows at the - 
farther end of the box into the pump tank, to be used over again. 

The water from the fine-coal draining screen 15 flows ina 
very similar manner to the buckets of the sludge elevator 16 ; 
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the fine coal or sludge held in suspension is very light, however, 
and does not settle so readily as the fine refuse. In order to 
recover this sludge, which it is very desirable to have in the 
coking coal, and at the same time to clarify the water, the sludge 
recovery 18 is used. A section eleven feet wide by seventy-five 
feet long on lower floor is sheathed up waiter tight. In the bot- 
tom of this tank an endless series of scrapers moves very slowly 
toward the sludge elevator. As the water in this tank is usually 
about eight feet deep, the water flows from the elevator toward 
the overflow at the other end very slowly. 


Transverse partitions from above the water line to near the — 


bottom, still further aid the settling and prevent light particles 
from floating across to the overflow on the surface. 

The elevators 4 and 16 discharge into a Dodge scraper con- 
veyor 19, which distributes the coal into bins, shown on the 
figure, which are calculated to hold one thousand tons. This 
gives the coal plenty of time to further drain of its water. 

In case it shall prove to be desirable to crush the nut coal for 
coking, a crusher has been provided at 20, into which the coal 
from part or all the nut-coal jigs can flow. This crushed nut 
coal can then be rewashed in the fine-coal jigs, or can pass 
direct to the draining screen and thence to elevator 4. 

The entire plant is driven from an engine at B by means of a 
belt to the line shaft on the top floor, from which the various 
parts are driven. 

Special attention is called to the following features of this 

plant: First, the extreme and careful grading into eleven differ- 
ent sizes, and washing each size in a jig especially made and 
adjusted for it. Second, the washing of the nut coals before 
crushing to take out the intermediate product. Third, the arrange- 
ment of the whole plant with a view to minimizing labor— 
three men only being required to run it. Fourth, the effective 
arrangement for settling the water, and the automatic and con- 
tinuous removal therefrom of sludge and refuse, clarifying the 
water, and saving all the fine coal dust. Fifth, the effective ar- 
rangements for drying the washed coal. 
- When the matter of washing the Crabtree coal came up for 
consideration a sample of the coal was selected by the repre- 
sentative of Cuninghame & Co., great care being taken to have 
the sample represent as nearly as possible the average run of 
the coal. Part of this was hand-washed, and analyses made of 
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both the washed and unwashed portions. The following results 
were obtained: 


ind. Ash ¢. Sulphur ¢. 


| 
| in. to fin. | 10. 
Washed. 


0 

6. 

in. to} in. 0. 
2 


Under in. Unwashed 


Specific gravity of pure selected 


A previous ultimate analysis of a via a of this coal gave the 
following results : 


Moisture 
Vol. matter 


Phosphorus 
Sp. gravity 


It is expected that the washing of the coal at this place will 
be so thoroughly done that the ash in the coke made from the 
washed coal will be below 10 per cent. and the sulphur below 
1 per cent. That this may be confidently expected will be 
readily apparent when we consider the wonderful results 
achieved at Union Bay, B. C., where the ash is reduced from 
35.5 per cent. to 8.5 per cent. The fixed ash in this Comox coal 
is 7.8 per cent., thus showing that the coal washed to within 
1 per cent. of the fixed ash in the coal. 

The Luhrig system, though comparatively new in this country, 
is no new thing. Over 200 plants are in daily use in England, 
Germany, Austria, and other parts of the world, all doing good 
work. Several of these plants have capacities of 175 tons per 
hour each. Such is the control which an expert operator has 
over the results that the Messrs. Cuninghame & Co. are enabled 
to fully guarantee beforehand the exact results which will be 
obtained in washing any coal by this process. 


\y 1 35 1.098 0.082 
Me 2 88 0.604 0.025 
. 3 60 1.189 0.027 
1 : 4 | 218 0.617 0.025 
| | 400 1.606 0.088 
| 
Bone | Pyrites ¢. | Slate 
j 0.072 0.05 0.017 
| 
am 


WASHING BITUMINOUS COAL BY THE LUHRIG PROCESS. 99 


On page 27 of his valuable book on “Coke” Mr. John Fulton 
says that the coal of Belt, Montana, cannot be coked. In 1894 
a Luhrig washery was erected at Belt, also some beehive coke 
ovens. These are now producing one hundred tons per day 
of coke. The Anaconda Copper Company, who own the plant 
at Belt, were paying $13.80 per ton for Pocahontas and $12.50 
for Connellsville coke. The Belt coke, which fully answers 
their purpose, now costs them $4.40 per ton. The washer is 
therefore saving them about $900 a day by so preparing this so- 
called non-coking coal that it makes a coke very fair in quality. 
In this Belt coal of 1 inch to 14 inches in size the ash was 
reduced by washing from 29.69 per cent. to 7.35 per cent., and 
in the 4 inch to 1 inch from 18.74 per cent. to 5.56 per cent. 
Their coke at present averages 10} per cent. in ash. 

At Union, on Vancouver Island, the Dunsmuirs had a few 
ovens at which they made a very inferior coke from coal washed 
in a Shepard washer. After an inspection of the washer at Belt, 
they put up at Union Bay a 600-ton Lubrig washer and 100 
beehive coke ovens. This washer achieved the wonderful 
result, already mentioned, of bringing the ash down from 35,'; 
per cent. in the unwashed coal to 8,5, per cent. in the washed, 
the fixed ash being 7; per cent. When washing with salt 
water, as they did for a short time during last summer's dry 
season, the coal showed 10 per cent. of ash. The coke ovens 
were recently started and are making a very fine quality of 
coke. 

In a Luhrig plant for fuel coal, such as constructed at Carter- 
ville and De Soto, Illinois, the essential difference from the 
washer at Crabtree, described above, consists in keeping the 
sizes of coal separate as they come from the jigs. The several 
sizes are drained over bumping screens direct into the bins, and 
sold as No. 1 nut, No. 2 nut, No. 3 nut, and No.4 nut. The sludge 
is either used under their boilers or is thrown away. A spray 
of clean water directed on the bumping screens washes the coal 
bright and clean, so that it appears almost as bright as an 
anthracite. In a recent test made in the Fisher Building, 
Chicago, the cost of evaporating 1,000 pounds of water with 
Indiana block coal was 23,4, cents, with Luhrig No. 1 washed 
nut 17,4; cents, showing a saving of 5,4; cents, or 24 per cent. 
The washing of this southern Illinois coal by this process 
brings the owners of the plant a profit of about 35 cents a 


; 
4 
| 
4 
- 


100 WASHING BITUMINOUS COAL BY THE LUHRIG PROCESS. 


ton. The analysis of this coal before and after washing is as 


follows : 


BEFORE. 
Per cent. 


In 1889 a 600-ton Luhrig washery was erected at North 
Motherwell, near Glasgow, Scotland. The ash in the unwashed 
coal was 23 per cent. In contracting for this plant the follow- 
ing guarantees were given: capacity, 600 tons per day of 10 
hours ; ash in the pearl coal, ;5; inch to ! inch, not to exceed 
6 per cent., and for every 1 per cent. of ash left in this coal over 
6 per cent. the patentees were to forfeit £100. The refuse was 
guaranteed not to contain more than 2 per cent. of pure coal, 
and for every 1 per cent. of coal found in the refuse over and 
above this 2 per cent. the patentees were to forfeit £100. The 
cost of labor was guaranteed not to exceed 4; of a penny, or 
about 1; cents per ton handled, and for every ;4 of a penny it 
cost above this the patentees were to forfeit £150. 

How these guarantees were met will appear from the follow- 
ing facts and figures from a paper read in 1893 before the 
Mining Institute of Scotland, giving the results of an examina- 
tion the author of the paper made of the washer. 

In the four years it had been running there had been a loss 
of only two hours’ output, and this was due to the breaking of 
the main belt. 

In the unwashed pearl coal the ash was 22 per cent., and in 
the washed pearl 3;'; per cent. to 4 per cent., or 2 per cent. 
under the guarantee. 

During a week’s run the washer cleansed 2,659 tons of coal, 
running 35 hours, or at a rate of 760 tons in 10 hours—160 tons 
per day above the guarantee. Of this amount 320 tons were 
refuse, leaving 2,339 tons of clean coal. 

The total cost of washing 2,339 tons of coal, including labor, 
oil, steam, and loading into cars, was ;;,°; of a penny, or almost 
exactly the guaranteed amount. 

During the year 1892 there were washed at North Motherwell 
125,704 tons of raw material. The estimated profit on this, due 


7 
if 
A 
100.0 100.0 
We 
| 
i), 
— 
> 


WASHING BITUMINOUS COAL BY THE LUHRIG PROCESS. 101 


to washing, was £8,013 12s. 8d., or about $39,000, after deduct- 
ing all operating expenses. 

At the Acton Hall Colliery, Yorkshire, England, a 500-ton 
Luhrig washery has been built entirely of iron, steel, and 
masonry. The machinery is driven by three electric motors, 
the power for which is furnished from a central station at the 
colliery. The coal treated could not be used for coke-making 
before being washed. The coke now produced, which is made 
from the sludge only, the nuts being disposed of separately, 
contains 7; per cent. to 103 per cent. of ash and about 1 per 
cent. of sulphur. 

At Kattowitz, in Upper Silesia, a coal containing 47 per cent. 
of ash has been brought down to 5 per cent. ash. The pyrites 
in this coal is separated from the other refuse and sold for the 
manufacture of sulphuric acid. The profit from this sale pays 
the entire expense of cleaning the coal. 
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PAPER FRICTION WHEELS. 


BY W. F. M. GO88, LAFAYETTE, IND. 
(Member of the Society.) 


Ir two toothless wheels are pressed face to face, the rotation 
of one will tend to turn the other, and under favorable condi- 
tions power may be transmitted from the driver to the follower. 
Such an arrangement may employ all the forms common to 
toothed gearing, but as the contact is one of pure rolling such 
gearing is freed from some of the limitations which govern the 
use of toothed wheels. For example, in friction gearing the 
driven wheel may be disengaged and stopped without danger 
of shock, while the driver continues its motion ; or, if out of gear, 
it may as readily be started, its speed accelerating until it 
becomes normal. 

The amount of power which can be transmitted by friction 
gearing depends upon the characteristics of the material used in 

‘the two wheels which run in contact. As usually constructed, 
the driver is made of yielding material, such as wood, raw- 
hide, leather, or india rubber, while the driven wheel is almost 
invariably of cast iron. Such combinations have the advantage 
of producing a high coefficient of friction between the wheels; 
and again, if there is slippage, it is the harder wheel that 
stops, and upon this the continuous motion of the softer driver 
inflicts no damage. Until quite recently all such gearing has 
been of light construction, and the power transmitted corre- 
spondingly small, and so long as leather and raw-hide continued 
to be the materials most preferred for the construction of 
drivers, no very heavy work was practicable. 

There has recently appeared, however, a new material which 
seems well suited to the requirements of friction wheels. This 
is compressed straw-board; and as in belt transmission the 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 


102 
if 
| 
Wie 
Hug 
} 
| 
my 
ih @ 
| 
‘3 
if 
} 


PAPER FRICTION WHEELS. 1038 


paper pulley has earned for itself a well-merited place, so in 
frictional work the paper friction wheel is fast paving its way to 
general recognition. These wheels are composed of thin disks 
of straw-board cemented together under heavy pressure and 
strengthened by iron side-plates, or fitted over iron centres. 
By this construction, the face of the wheel presents the edges of 
the straw-board disks, and these give a surface which takes a 
good finish when turned, and which works perfectly in rolling 
contact with cast iron. 
Some of the applications of the paper friction wheel are pre- 


Fie. 31. 


sented diagrammatically herewith. Fig. 31 shows a plain gearing 
connecting parallel shafts. Friction wheels of this form are in 
service which are capable of transmitting twenty-five or more 
horse-power. <A three-wheel gearing, which is considerably 
used as an element in the feed mechanism of certain sawmill 
machinery, is shown in Fig. 32, the combination being one in 
which a paper wheel acts as a medium by which motion is 
transferred from one iron wheel to another. Another typical 
gearing is shown in Fig. 33. If the paper driver of this gearing 
is forced against the rim a, a forward motion of the follower 
results, while if the driver is brought in contact with b, a 
reversed motion at higher speed is obtained—an arrangement 
which has been found serviceable on screw presses. Bevelled 
paper friction wheels of the form shown by Fig. 34 are being 
made of such size as will permit their use for driving shop 
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shafting, while Fig. 35 shows a device which has been employed 
for giving motion, in either direction, to the spindle of a well- — 
known shaping and panel-carving machine. 

In the absence of data which would serve as a basis for calcu- 
lating the amount of power which any paper wheel can trans- 
mit, an experimental study of the problem was resolved upon, 
and with this end in view apparatus was devised which is 
shown diagrammatically by Fig. 36. The shaft 4 of this figure 
runs in fixed bearings and carries the paper friction wheel ; it 
is designed to be driven by belting from any convenient source 
of power, the direction of the motion being that indicated by the 
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arrow. The shaft B carries the iron follower and the brake 
wheel. The bearings of this shaft are capable of receiving 
motion in a horizontal direction, and by means of suitable 
mechanism connected with them, the iron follower may be made 
to press against the paper driver with any force desired. The 
pressure exerted by (2 upon 4 is the “pressure of contact,” 
and is represented by P. Through the action of the brake, the 
tendency of the iron wheel to revolve with the paper wheel 
may be resisted to any desired degree, and the theory of the 
machine assumes that the energy absorbed by the brake is 
equal to that transmitted from the driver to the follower at 
their point of contact, C. The resisting force of the brake may 
readily be reduced to an equivalent force, F, acting at the 
circumference of the follower, and its value may be accepted as 
the force actually transmitted from one wheel to the other at the 
point of contact, C. 
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From this brief description, it will be evident that the func- 
tions of the apparatus are such as will permit a study of the 
relationship existing between F' and P, which relationship may 
be expressed as the coefficient of friction, thus : 


== 


Other things being equal, the power which can be transmitted 


by any such gearing will vary directly with the coefficient of 
friction. 


Folloy, 
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The actual machine used is shown by Fig. 37. It meets all the 
conditions which have been defined, excepting that the shaft B 
does not run in frictionless bearings, as astrict adherence to 
the assumed theory would require. It is thought that, during 
the experiments, the journal friction at B was fairly constant, 
and that its value was always small as compared with that of 
the forces transmitted by the gearing. Its effect, so far as it 
may have had an effect, would have been to reduce the value of 
tho observed coefficient of friction. The values as observed, 
however, are doubtless better for the purposes in hand than a 
true value, since the employment of friction wheels in practice 
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will generally involve losses by journal friction similar to those 
existing during the progress of the experiments in question. 

By reference to Fig. 37, it will be seen that the fixed bearings 
of shaft A are fitted between guides in such a manner as to 
allow the bearings of the shaft to be blocked out towards &, in 
case a friction wheel is to be experimented upon which is much 
smaller in diameter than the one shown. The bearings of B 
slide at a good fit between the guides in the frame, and the 
pressure of contact between the friction wheels is secured by 
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weights on the holder £, acting through a bell crank and suit- 
able connecting links. The fulerum of the bell crank is in a 
block G, which may be adjusted by the hand wheel H, thus 
allowing the arms of the bell crank to be brought to their 
normal position, and in this way offsetting slight variations in 
the diameter of the friction wheels. Power was delivered to 4 
by two three-inch belts, and was absorbed at B by a rope 
dynamometer. Slippage was determined from readings of 
counters taken simultaneously from each shaft. 

In carrying out the experiments it was found convenient first 
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to load the weight holder Z, Fig. 37, and then to bring the bell 
crank to its normal position by adjusting the trunnion block G ; 
the follower was thus made to roll with the driver under a 
definite pressure of contact. By applying the brake a light 
resistance was then introduced to oppose the motion of the 
driven shaft, and this was maintained constant for a sufficient 
period to allow observations to be made for slip. 

The pressure of contact, the load on the brake, and the slip 
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having been observed, a new set of conditions was obtained by 
increasing the brake load, after which, observations were re- 
peated. In this manner aseries of observations was made under 
a constant pressure of contact, but at different brake loads; and 
as each increment of brake load increased the slip, the resulting 
data gave the relation between the per cent. of slippage and the 
force transmitted for the pressure of contact chosen. When 
the brake load had been so much increased as to make the 
slippage excessive, a new value for the pressure of contact was 
chosen, and the whole process as already described was repeated. 
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The results were finally grouped for purposes of comparison, 
in such a manner as would make each group present but a 
single variable factor. 

The experiments involved paper friction atesahe of approxi- 
mately 5}, 8, 12, and 16 inches diameter, all in contact with a 
16-inch canb-inoh wheel. The contact pressure was varied from 
75 pounds per inch of width to more than 400 pounds, and the 
speed limits gave a peripheral velocity varying from 450 to 2,700 
feet per minute. In an effort to eliminate all inconsistencies 
the work was many times repeated, the whole process involving 
more than 5,000 observations. 

The following is a summary of results : * 

Slippage.—By increasing the load to be carried, the slippage 
may always be gradually increased to three per cent., and under 
favorable conditions its gradual increase may reach a maximum 
of six per cent., but when the slippage is between the limits of 
three per cent. and six per cent. it is likely to undergo a rapid 
increase to 100 per cent.; that is, the driven wheel is likely to 
stop. 

The Coefficient of Friction depends upon conditions some of 
which have not been studied and are not understood. It is 
most affected by slippage. Its value increases with increase of 
slip until the latter becomes about three per cent., after which 
the action of the gearing becomes uncertain. With a slippage 
of two per cent., the maximum value of the coefficient rises 
above twenty-five per cent., and as the slippage approaches 
three per cent., even larger values have been observed. Fig. 
38 shows a relation between slippage and the coefficient of 
friction, which can easily be maintained with paper friction 
wheels of 8 inches or more in diameter. 

The coefficient of friction is apparently constant for all pres- 
sures of contact up to a limit which lies between 150 and 200 
pounds per inch of width of wheel-face, beyond which limit its 
value apparently decreases. 


* In presenting the results of the experiments which have been described, the 
writer acknowledges the assistance of Prof. M. J. Golden, who worked up the 
details of the testing-machine, Fig. 37; of the Rockwood Manufacturing Com- 
pany of Indianapolis, through whose courtesy all necessary friction wheels were 
supplied; and of Messrs. Robt. D. Hawkins, M.E., ’95, and T. E. Layden, 
B.S., 96, who as students in the Purdue laboratory conducted the experimental 
work. 
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Friction wheels of 8, 12, and 16 inches diameter give nearly 
the same value for the coefficient, while results from a six-inch 
wheel are lower by about ten per cent.—a fact which would 
seem to indicate that wheels smaller than those experimented 
upon may have a still lower value for their coefficient. 

Variations in peripheral speed between 400 and 2,800 feet 
per minute do not affect the coefficient of friction. 

Pressure of Contact.—With a constant coefficient of friction, 
the power transmitted varies directly with the pressure of con- 
tact. During the comparatively short period covered by the 
experiments, the paper wheels gave no indications of breaking 
down under pressure as high as 400 pounds per inch in width. 
The work was not continued through a period sufficiently long, 
however, to permit a determination of the maximum pressure 
with which paper drivers may be forced against their iron 
followers ; but it has already been noted that the coefficient of 
friction is maximum under a pressure of about 150 pounds per 
inch in width, and while the amount of power delivered may be 
augmented by increasing the pressure above this limit, the 
most efficient pressure is that for which the coefficient of friction 
is maximum. 

Horse-Power.—By making d the diameter of the friction 
wheel in inches, w the width of its face also in inches, and N 
the revolutions per minute, and by accepting 0.2 as a safe value 
for the coefficient of friction, and a pressure of 150 pounds per 
inch width of face as the pressure of contact, the horse-power 
may be written as, 


Hp, — 150 x 02 xqadxwx N_ 


33000 = .000238 d WN. 


This formula is believed to be safe for friction wheels which are 
8 inches or more in diameter, and under conditions which make 
it possible for them to be kept reasonably clean. By its use 
the following table has been calculated : 
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DISCUSSION. 


Prof. Paul M. Chamberiain.—This subject which Professor 
Goss has investigated is an interesting one, and the data he has 
given us are valuable. It is to be hoped that the investigations 
may be made to include bevel gears, as there is perhaps a greater 
need for simple efficient angular transmission than between par- 
allel shafts, and the coefficient of friction, 1 am led to believe, is 
somewhat different. 

Straw-board without cement works very well if the journal 
friction is not excessive. The design of the journals needs to be 
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somewhat more carefully worked out than if toothed gearing 
or mule pulleys are used, and some quick method of making ad- 
justment for wear or change of the humidity of the atmosphere. 

I present herewith, in Fig. 39, a design for some ball-bearing 
journals which were made for friction cones and shafting already 
in position but not working satisfactorily. The thrust bearings of 
the shafting were at their extreme ends, and the journals taking the 
side thrust near the cones were doing duty of over 150 pounds per 
‘square inch of projected area. The mean diameter of the cones is 
about 12 inches, the speed 150 revolutions per minute, and the horse- 
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power transmitted not over 4. The pressure per inch width of 

pulley is nearly twice that used in Professor Goss’s experiments. 
i With the arrangement used in the sketch, the apparatus has now 
ei run over a.year giving good satisfaction. 
) In a new design it would be advantageous to carry the bearings 
nearer the centre of the rims and use very stiff shafting near the 
cones, as any deflection whatever tends to wear the paper out of 
true. 
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DCCVI.* 
ANCIENT POMPEUMUAN BOILERS. 


RY W. T. BONNER, CINCINNATI, 0. 


(Member of the Society.) 


In preparing a recent paper on “ Water-tube Boilers,” read by 
the writer at a meeting of the General Mining Association of 
Quebec, several newspaper accounts were noted descriptive of 
some very interesting relics discovered among the ancient ruins 
of Pompeii. As two or three of these relics showed unmistak- 
able evidence of having been utilized as boilers in some form or 
other, my curiosity prompted me to extend my investigations 
further, with the resrlt that I am able to present to this Society 
what may be considered abundant proof that the water-tube 
principle, the crowning feature of the most successful boilers of 
to-day, was fully understood and appreciated by the Greeks and 
Romans two thousand years ago. 

In the centre of the first hall in the National Museum at 
Naples, containing the bronze relics of Pompeii, are preserved 
two apparatuses for heating water, and numbered in the Museum 
inventory 73,018 and 78,673. 

A description of the above apparatus, together with photo- 
graphs and drawings fully illustrating their detail construction, 
has been furnished me by M. Francisco Milone, a Neapolitan 
engineer of considerable reputation, at the request of the directors 
of the National Museum, to whom my communication to the 
Minister of Public Instruction was referred. Reprints of these 
drawings and photographs are presented herewith, and from 
them it will be seen that there is a remarkably close analogy 
between the ancient Pompeiian boilers and the water-leg boilers, 
water grates, and water-tube boilers of to-day. Indeed, the 
principle may be said to be identically the same in both, for 
little change would be required to construct from the drawing 


*Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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shown in Fig. 41 a very efficient boiler for high-pressure work. 
Inasmuch as the ancients had little or no use for steam under 
pressure, and as their boilers were principally used for heating 
water, it was sufficient that the boiler shells and covers offered 
only a slight resistance, requiring merely a heavy, well-fitted 
cover, which was sufficient to prevent the escape of the steam. 

The first apparatus (No. 73,018), illustrated by the photograph, 
Fig. 49, and the drawings showing vertical and horizontal sec- 
tions (Figs. 41 and 42), consists of a cylindrical receptacle, A, 
which measures thirty centimetres in internal diameter and forty- 
eight centimetres in height. The thickness of the walls is a little 
more than a millimetre, and as one does not see any joints in the 
sides of the cylinder, it may be supposed that it was cast, as were 
generally all of the Pompeiian vases, and then worked or turned 
all round to even the thickness. The top of this receptacle 
was closed by a beautifully engraved or chased lid, B, which 
was removable, but neatly fitted over a bronze reinforcing 
ring, C. 

At the bottom of the external cylinder it is joined to an inter- 
nal cylinder of smaller diameter, and which rises to a certain 
height, and terminates in aspherical cap. The diameter of this 
internal shell is twenty-five centimetres, and the height thirty 
centimetres. The annular space, or jacket, between the cylinders 
constitutes the water capacity of the boilers, while the interior of 
the inner cylinder constitutes the furnace chamber, the grate for 
which forms a very interesting feature of the construction. A 
careful examination of the particular boiler illustrated herewith 
shows that the annular water space does not preserve the same 
thickness all around, especially the oven, due more to having 
been damaged than to imperfect construction. Neither is the 
furnace chamber exactly central to the boiler. It is clear, how- 
ever, that all of the surface of the inner chamber constitutes the 
heating surface in this Pompeiian apparatus, the same as in our 
water-jacket boilers of the present day. The grate bars (see 
Figs. 41 and 42), seven in number, were made from sheet bronze, 
rolled, and soldered or brazed. These tubes open at both ends 
into the bottom of the water jacket, thus forming water tubes, 
or grates, upon which rested the fuel, and through which trav- 
ersed the water as it circulated in the boiler. 

To quote from the description furnished me by Mr. Milone : 
“ By this arrangement of the grates not only was the heating 
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surface greatly increased, but the heating was rendered more 
efficient, thus showing that the ancients fully understood the 
principie of distributing across the furnace a certain number of 
tubes, in order to increase the heating surface, and to aid the 
evaporation by means of a more active circulation of the water.” 

The rectangular opening through which the fuel was fed, was 
placed five centimetres above the bottom of the boiler, and is 
one hundred and twenty millimetres in height and one hundred 
millimetres in width. This opening was provided with a small 
door made of bronze, hung on two vertical hinges, the door 
being operated by a bronze knob or handle, representing a ram’s 
head. There is no evidence that these Pompeiian boilers were 
connected to a stack or chimney; but little annoyance was 
caused by the escape of gas or smoke, as the Pompeiians used 
charcoal as a fuel, the real “ carbo” of the Latins In order to 
permit the escape of the gases, at the height of one hundred 
and forty millimetres from the bottom of the boiler, there were 
provided three openings from the combustion chamber to the 
outside. These were formed by tubes which crossed the annu- 
lar zone, or water jacket, and terminated at the outer end in a 
masked face, as may be seen on the left side of the photo- 
graph. 

It is interesting to note here the artistic turn of mind of the 
ancients, for no matter how simple or how ordinary might be 
the article under construction, it seemed to be second nature to 
them to ornament every detail. 

The cover, 2B, referred to above, is made of cast bronze, 
decorated in a very artistic manner, and can be removed and 
put in place by means of two small handles, each one gracefully 
representing two athletes wrestling, as is shown by the photo- 
graph, Fig. 40. The cover of the boiler is made in two parts, the 
larger of which was probably only removed in case of making 
internal repairs, or for the purpose of cleaning the boiler. 
There is a supplementary lid, F, much smaller, that opened 
on hinges, shown in Fig. 41, and it was through this opening that 
the water was poured into the boiler. The hot water was 
extracted by means of a big ladle with a long handle, or a pan 
or vessel. This second lid, or cover, had in the centre a knob 
that represented an “ Eros” or Cupid, entwined with a dolphin, 
having in his left hand a lyre and in the other the “ plettro,” 
or bow. 
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Finally, the boiler is raised thirty centimetres, on an artistic 
tripod representing lion’s claws, thus allowing the entrance, 
below the grates, of the air necessary for the proper combustion 
of the fuel. Two handles that are attached to the outer shell of 
the boiler take the form of a man’s hands, and serve to lift the 
entire boiler with the tripod. 

As near as can be ascertained, the above boiler was found in 
Pompeii proper, but my informant is not able to indicate the 
exact spot. It probably belongs to the old collection of 
Pompeii. 

The second Pompeiian boiler (No. 78,673), illustrated by 
Fig. 43, and shown in vertical and horizontal sections by Figs. 44 
and 45, is much more simple than the boiler above described, 
not only in the internal construction, but also in the decora- 
tion. 

This boiler has the form of an urn or an ancient vase, and is 
constructed of bronze, cast in one piece. On the outside it 
measures nearly thirty centimetres in diameter in the widest 
part and forty-four centimetres in height. Inside is the oven - 
or furnace, B, consisting of a cylindrical shell attached to the 
outer shell at the mouth, C, from whence it turns inward and 
downward, widening in the meantime until it reaches the grate, 
just below which it flanges outward, and is attached to the outer 
shell. Thus we have an inner and outer cylinder, the annular 
space between forming a water jacket, in which was contained 
the liquid to be heated. The surface of the inner cylinder con- 
stituted the heating surface of the boiler. The boiler is also 
provided with water grates, consisting of tubes made from sheet 
bronze, and opening at both ends into the annular water space, 
or jacket. Here, then, is another ancient example of the water- 
tube principle, this apparatus being constructed with a view to 
attaining greater efficiency by the more extensive heating sur- 
face and more active circulation. 

To the sides of this urn-shaped boiler are attached two very 
simple handles, and the whole is supported by an elegant tripod 
of a little more than ten centimetres in height. 

It has been suggested that this apparatus may have served at 
some time to heat wine as well as water, which suggestion 
appears reasonable, as many competent authorities agree that 
the Pompeiians made great use of hot drinks. Probably this 
urn, or boiler, was found in one of the “ termopodi,” or, in modern 
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language, cafés, in Pompeii or some other city of the Campania. 
At Pompeii were to be found several of these merchants or 
dispensers of hot drinks, but my informant states that he has 
not ascertained to what other city of the Campania it may have 


appertained ; that is to say, he is not positive that this appa- 
ratus was really found in Pompeii, though he is fully satisfied as 
to the origin of the first apparatus described above. 

It should be noted also that the opening through which the 
fuel entered was judiciously placed on the same side as the 
hinge for turning the lid, thus enabling the attendant to incline 
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the urn for the purpose of pouring out part of the liquid con- 
tents without spilling the fuel. 

This urn-shaped boiler does not, of course, present so striking 
a resemblance to some of our modern boilers as the first boiler 
described above, although it appears to be the boiler which has 
been illustrated and described by quite a number of trade 
journals and technical papers during the past two years. 

I have also received from the Dutch Consul at Genoa photo- 
graphs of a group of ancient Pompeiian relics obtained through 
a friend of his in Naples. The photographs reproduced here 
are Figs. 46, 47, and 48. Evidently the subject offered this lay- 
man little in the way of either romance or sentiment; con- 
sequently our record is deficient in that it lacks any accurate 
description of the articles illustrated in the photographs. It 
is assumed that the apparatus shown in Fig. 48 is the boiler 
referred to in the different descriptive articles which have 
appeared in the technical papers lately. The apparatus shown 
in Fig. 46 is said to be constructed similar to Fig. 48, but 
whether it consists of an annular water space connected by 
horizontal water tubes, or simply an outer vessel containing an 
inner smaller vessel whose flanged rim rests on the upper 
edge of the outer vessel, after the manner of the ordinary double 
boiler so common in the modern household, our informant 
does not state. 

The central group, Fig. 47, is said to represent merely ordi- 
nary kitchen furniture, used no doubt in the culinary depart- 
ment of some large household. Certain features of this group, 
brought out by the photograph, might indicate that this appa- 
ratus was utilized for more important work, and it is unfortu- 
nate that we cannot have some further information as to its 
internal construction. 

The description of the two boilers is somewhat meagre and 
unreliable, but sufficient is given to establish the fact that the 
large boiler (Fig. 48), at least, is provided with a water jacket, 
with some form of grating for supporting the fire underneath. 
A cock at one side, which appears to be very artistically deco- 
rated, served to draw off the heated liquid. 

The latter photographs, reproduced herewith, were obtained 
from the gallery opposite the National Museum at Naples. 
Apparently little effort has been made by the authorities at the 
museum to trace the origin and history of the different relics I 
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have described above, my informant stating that no one had in- 
terested himself in the matter, although some of the articles 
were discovered as many as forty years ago. 

This delinquency seems all the more apparent from the fact 
that in order to give a proper reply to my inquiry, it became 
necessary to call in the services of a photographer and an en- 
gineer to illustrate and describe these precious relics of ancient 
days. I only regret that the same effort was not made to give 
us fuller information regarding the apparatus illustrated in 
Figs. 46, 47, and 48, but let us hope that other of our members 
will interest themselves as opportunity offers, and furnish the 
Society with additional information on the subject of ancient 
boiler-making. Our foreign members should assist in this. 

For much of the data contained in this paper I am under 
obligations to M. Francisco Milone, a very able engineer of 
Naples, and to the Dutch Consul at Genoa, N. I. Tiedman. I 
have also to acknowledge the courteous and valuable assistance 
rendered by the Hon. Com. G. Solimbergo, Consul-General 
d’Italie, for Canada, and the Hon. K. Boissevain, Consul-Gen- 
eral for the Netherlands, at Montreal. 


DISCUSSION, 


Mr. W. F. Durfee.—This paper is a very interesting one 
indeed, and the author is entitled to our thanks for bringing such 
interesting historical matter before the Society. In 1872 I heard 
the late Joseph Harrison deliver a lecture before the Franklin 
Institute on boiler construction, in which he said that he had seen 
in a museum at Naples a boiler made about two thousand years 
ago in which tubes were arranged vertically, precisely the same 
as in the modern vertical tubular boiler. Quite recently I have 
seen in some of the technical journals reference to an excavation 
which had just been made on some private grounds near Pompeii, 
in which it was claimed that very large boilers were discovered. 
Very few details were given with this statement. If one of the 
boilers described in the paper was cast whole, as is stated, the 
tubes must also have been cast with it, because they could not 
have been put in place in any other way without drilling holes 
through the sides of the boiler. If that boiler and its tubes were 
cast, it shows that the ancients were very expert founders. It 
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would be rather difficult, even at the present day, to make a cast- 
ing as complex as one of the boilers shown in this paper. 

Mr. H. H. Suplee-—The subject of the boilers in the Naples 
Museum is one which is of interest to me because my attention 
was first directed to it many years ago in the following manner : 

In his essay on the “ Locomotive Engine,” published in 1872, 
my uncle, the late Mr. Joseph Harrison, Jr., wrote, referring 
to the few remains of ancient mechanical engineering yet in 
existence : 

“ How interesting is the little that has come down to our time! 
The engineer, noting the curious things in bronze and copper 
exhumed at Pompeii and gathered together in the Museo Bor- 
bonico at Naples, will linger near a small vessel for heating water, 
a little more than a foot high, in which are combined nearly all 
the principles involved in the modern vertical steam boiler, fire 
box, smoke flue through the top, and fire door through the side, 
all complete; and, strange to say, this little thing has a water 
grate, made of small tubes crossing the fire box at the bottom, 
an idea that has been patented twenty times over, in one 
shape or another, within the period of the history of the steam 
engine.” 

Mr. Harrison had returned from his residence in Europe sev- 
eral years before he wrote this, and so I believe that the exhuma- 
tion of the boiler to which he refers must have been more than 
thirty years ago. About a year ago I had the opportunity of 
visiting the Naples Museum, and, recollecting this passage, I made 
it a point to hunt up this boiler and to procure a photograph of 
it. It was readily found, and its construction agreed precisely 
with Mr. Harrison’s description, and it is the one shown in Figs. 
40, 41, and 42 of Mr. Bonner’s paper. 

I also had an opportunity of examining closely the little kitchen 
apparatus shown in Fig. 47 of the paper, and can add somewhat 
to the description of its construction. 

Fig. 47 shows a little kitchen apparatus consisting of a water 
grate composed of tubes as in the previous example, the sides and 
bottom of the fire box elsewhere being double, with a water space 
communicating with the larger upright reservoir for water on the 
left. There is thus a complete anticipation of the modern range 
boiler with its water back for household uses, as well as the mod- 
ern steam table used in hotels and restaurants for the purpose of 
keeping plates and food warm. The whole apparatus is about 
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thirty inches long by twelve deep, as I recollect it, and shows 
evidence of most excellent and artistic workmanship. 

According to my informant, a very intelligent attendant at the 
museum, these articles were found not at Pompeii, but at Hercu- 
laneum, and they are placed in the museum with the collection of 
Herculaneum bronzes. 
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DCCVIL.* 


METHOD OF DETERMINING THE WORK DONE DAILY 
BY A REFRIGERATING PLANT AND ITS COST. 


BY FRANCIS H. BOYER, EAST CAMBRIDGE, MASS. 


(Member of the Society.) 


Tue refrigerating plant in the abattoir of John P. Squire & 
Co., East Cambridge, Mass., was installed by the De La Vergne 
Refrigerating Machine Co. during the winter and spring of 
1890 and 1891. It is composed of two machines, rated by the 
builders as 150 tons ice-melting capacity each daily, or a com- 
bined capacity of 300 tons, this to be accomplished by running 
24 hours daily with a return pressure of 26 pounds above atmos- 
phere, a condition of 40; pounds pressure absolute, running at 
40 revolutions per minute. The size of the gas compressing 
cylinders was 16 inches in diameter and 32 inches stroke, 
being double acting, four gas cylinders all told. 

The condition and amount of work being done is indicated 
by the back or return pressure of the gas—this condition being 
maintained by the speed of the gas pump—the engines being 
directly connected and constructed to allow of a variation of 
speed from 15 to 75 or more revolutions per minute. 

It became desirable to establish a method to obtain the 
amount of work accomplished daily in order to arrive at the 
expense of operation, and to make comparison with results of 
other departments of the abattoir. By taking the cubic dis- 
placement of the compressors with a given amount of return 
pressure the amount was obtained easily. 


The following is a copy of the engineer’s logs for July 18, 
1896: 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions, 
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“D. P.” indicates direct pressure, or pressure at which the 
ammonia gas is being liquefied. 

“R. P.” indicates return or suction pressure—all pressures 
starting at atmosphere. 

“Engines No. 1 and 2” are refrigerating engines. 

“Engine No. 4” is a 200 horse-power electric-light engine. 

“Engine No. 5” is an air compressor for testing car brakes. 

“Salt-water column” is expressed in feet of hydrostatic pres- 
sure. It is pumped 1,800 feet through a 12-inch cast-iron pipe, 
steam being conducted under the ground. Water being taken 
from the bay, therefore being salt water. The water is first 
used to condense ammonia, and finally to condense the steam 
in a Wheeler’s 1,000 horse-power surface condenser. 

In “ Water Condenser” columns. 


“T” — initial temperature to ammonia condensers. 
“C” — temperature of water on entering steam condenser. 
“FF” — final temperature of water leaving steam condenser. 


“Engines Hours Run ” indicates the number of hours the en- 
gines have run from the time they started. This I find quite an 
important item, as engine drivers are apt to become prejudiced 
against one or the other engine where one engine remains idle, 
as it does in this case during the cold winter days. 

“Boilers Hours Run.” Indication same as engine. 

“Remarks” come in shape of instructions from department 
superintendents, test, and fire alarms. 

The engine had run from 7 a.m. to 10 p.m. at 45 revolutions 
per minute, during which time between 2,000 and 3,000 hogs 
had been slaughtered and placed in the “hanging-room” for 
cooling, which has a floor space of about one acre, or, to be 
exact, 42,240 square feet. Rooms No. 1, 2, 3, 4, 6, and 7 have 
the same floor area. The temperature of the hanging-room in- 
creased from 38 and 33 at7 A.M. to 42 and 36 degrees Fahrenheit 
at 2p.m. At this time the most severe work was being done by 
the machinery. This is shown by the return pressure of the gas 
being at 15 pounds, and the direct pressure at 180 pounds per 
square inch. As the temperature in the hanging-room decreases 
so does the work on the engines. Reference will be made only 
to the hanging-room, as there is where most of the work comes 
from. Rooms No. 1, 2, 3, 4, 6, and 7 are used for curing and 
storage purposes, and work coming from there comes from heat 
radiating from workmen, from lights, from decomposition in pro- 
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cess of curing, and from imperfect insulation. From the last 
source there is but little trouble, as the building has few win- 
dows, no hallway or elevators, no communication between floors, 
and brick walls 48 inches thick. 

As the coils circulating the ammonia become cold, and the 
unexpanded liquid returns to the engine, the attendant reduces 
the supply. This first makes its appearance from 7 to 9 o'clock 
p.M., and at 10 p.m. the volume of return pressure of gas has 
become so low that the attendant has slowed down the machines 
from 45 to 36 revolutions per minute, and at this condition the 
work is kept up until 7 a.m. the following morning. At 2 A.M. 
there is an increase of a return pressure, which continues until 
7 a.M.; this is caused by a gang of about 100 workmen beginning 
at 1 A.M. 

A little story is told in the Water Condenser column in the 
initial column marked “ TI.” 


At 7.00 the temperature. 67 degrees. 


This is due to the condition of the tides, the coldest water 
coming at high water, and warm at low water. Here we find 
that our thermometer gives us a correct reading of conditions of 
the tides, clearly defining high and low water. 

The object of this paper is to ascertain the amount of work 
done daily under these varying conditions. Under the head- 
ing of “ Daily Tons of Refrigeration” is the following : 


48 404, 124 +147 
40 062147 1 — fo tons, 


$3 being the number of hours’ service which the engines have 
done. 

40,4, is the average number of revolutions for the day; 40 
being a fixed number of revolutions necessary to establish a 
given result of effort. 

12,4; is the average return pressure of the gas from the 
refrigerator. 

Twenty-six pounds per square inch is the fixed pressure for a 
given result, 150 being the rated capacity of the machines when 
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the fixed conditions are maintained; or we should have as a fixed 
formula: 


Return Atmospheric Tons 
Hours. Revolutions. Pressure Pressure. Refrigerating. 


150 
Average varying being daily entered. 

To prove the statement is an easy matter by taking the 
weight of the condensing water from the ammonia condensers, 
also the oil cooler; and multiplying by the heat units wille stab- 
lish the amount of heat being given. I will not attempt to go 
into detail, as this is already on record in the Society’s works in 
the able paper on Refrigerating Machinery by Professor Denton, 
vol. x., page 792. 

In determining the cost of operating several tests had been 
made on the boiler and engine plant, which showed an average 
of 10,4; pounds of water vaporized per pound of coal consumed— 
Pocahontas coal from Virginia being used—and with an efficiency 
of 16,44; pounds of steam per hour per horse-power, or 1,54, 
pounds of coal per hour per horse-power. From this data is 
established the amount to be charged to electric light, and to car 
department for the air compressor for testing air brakes. 

The total amount of expense for operating is taken monthly 
from the store-room accounts; from the year 1894 we have the 
following : 


x 


x 


Tons of refrigerating produced 

Cost of maintaining refrigerating department, including 
annual repairs 

Average cost per ton for refrigeration for 1894 


An interesting feature of the monthly production and cost per 


ton of refrigerating is shown as follows : 


1894. Tons. Cost per Ton. 
January 1,816 85 cents. 
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DISCUSSION. 


Mr. George Richmond.—The significance of data derived from 
practical observations of refrigerating machinery and experience 
with it is so important to those who desire to study this subject, 
and these are, moreover, comparatively so rare, that this Society is 
indebted to any one who will furnish a record of observations. 

In the present instance such a record is accompanied by an in- 
terpretation of the results, and it is thought that some intimation 
should have been given as to the degree of accuracy of the formula 
used for determining the capacity of the machine. This is a sort 
of rule of three, very simple in form, but making two assumptions— 
namely, that the capacity of the machine is proportional to the 
gauge pressure of the suction side, and that the rated capacity as 
given by the maker represents a physical constant. The calcula- 
tion of the capacity of a compressor is so simple a matter as to 
render unnecessary approximations which deprive the results of all 
significance. 

Mr, Boyer.—In writing this paper we are governed by the fact 
that there are no existing data—at least not to my knowledge— 
giving formulas to be used. In regard to the question of 26} 
pounds back pressure above the atmosphere producing a result of 
150 tons when so many cubic inches of gas had been expelled, I 
must say that this is something that I am not myself familiar with ; 
and I do not know from my own knowledge that that is true. 
But that has been determined by the De La Vergne Company, 
and it is upon that basis that they make their contracts. If you 
go to them to-morrow to buy a machine for any given amount, 
and you buy 300-ton, or whatever capacity of machine you might 
purchase, they would base the work done at a return pressure 
with a volume giving 26} pounds pressure to the square inch ; 
now that is the density with which the cylinder is filled. The 
discharge pressure has nothing to do with that and is not taken 
into consideration. But it is the return pressure coming back 
that gives the amount of the work being done. 

I am willing to admit that this paper is open to very severe 
criticism, but I think that it brings forth, so far as my knowl- 
edge goes, a question which I have not seen treated, and I am 
in hopes of bringing out from persons more competent than I 
am a discussion of how to measure and get an accurate report of 
the flexible conditions of working machinery of this character. 
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DCCVIII.* 


CALIBRATION OF A WORTHINGTON WATER METER. 


BY JOHN A. LAIRD, ST. LOUIS, MO. 
(Member of the Society.) 


Ir is the intention of the writer to give the Society the 
results of a series of meter calibrations which extend over 
more time than any which have been published in the Jvransac- 
tions, and were as carefully taken. 

The meter tested was a Worthington made entirely of brass, 
for hot water, and bought for testing purposes. It was used to. 
measure the feed water during the two thirty-day duty tests on 
the Allis engines at the Chain of Rocks pumping station, St. 
Louis. 

The general arrangement of meter, piping, and tanks is shown 
on the accompanying sketch (Fig. 50). Ordinarily the water goes 
from A to B, which is a part of the regular feed pipe. If we are 
metering the water, LH, F, H, and D are opened, and C, J, and G 
closed. This by-passes the water through the meter. 

When a meter test is to be made, & is opened and three-way 
Fis thrown so as to send water to tanks. Three-way J is first 
thrown so as to turn water into tank.No. 1, H is closed, and J 
opened. Water in the suction tank is brought to the zero 
mark, the meter is read. When tank No. 1 is full, three-way / 
is turned, throwing water into No. 2, the auxiliary feed pump 
is started at its regular speed, and the test goes on for as long a 
period as may be desired. 

When closing test, the last tank is run into the suction tank 
rapidly enough to insure having the water above the zero mark, 
the pump is run until the water is at the mark, when it is 
stopped, and the meter read. During the test the thermometer 
at A is read every ten minutes, but not recorded unless the 
change is a full degree. 


*Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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After the meter is read, the feed pump is started again, and 
water which was taken out of the system is pumped in by 


= 


AMERICAN BANK NOTF CO.,N.Y. 


GENERAL ARRANGEMENT 
oF 
METER, PIPING AND TANKS. 


H 


A 


From Hot Well 


Steam Pipe to 
Independent Boiler 


B 
To Boiler 


speeding the pump a little ; valves are changed, throwing water 
directly through meter, and the test is over. During the test 
any leakage through the gate valve H is carried back to the 
suction tank by means of the small hose shown. One tank 
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holds the water for about ten minutes’ run, in the neighborhood 
of one thousand pounds. Scales were read to the nearest 
pound, and were tested several times during the sixty days 
with United States standard weights. 


101 \ Stroke of Meter changed 


18 19 2 21 22 WM 81123 45 6 8 10 11 12 18 14 15 16 17 
January February 


DIAGRAM OF 
METER CORRECTION FOR 30 DAY TEST 
Low service Engine No. 6, 


Fie. 51. 


There is appended herewith a copy of one of the daily tests. 


The formula used to compute the correction is = C, 


w M 
where 

W = total water weighed in pounds. 

w = weight of one cubic foot of water at heveved tempera- 
ture. 

M = cubic feet registered on meter. 

The computed corrections are shown plotted on two sheets 
herewith. The daily tests are denoted by small circles, the 
twelve-hour tests by two, and the twenty-four-hour tests by 
three, concentric circles. 

When, upon finishing a daily test, considerable variation was 
shown between the computed correction and that of the pre- 
vious day, a check test was run very carefully, and if the two 
came reasonably close together, the first was taken as the cor- 
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rection. If they did not agree, the last one was taken. It will 
be noticed, by looking at the diagrams, that in every instance 
the twelve and twenty-four hour tests check within one-half of 
one per cent. of an adjacent daily test. 

The water was all passed through filters before going to the 
meter, and air was let out of meter body at least every eight 
hours. 

The meter was taken apart and examined carefully by the 


156 7 8 9 1011 12 18 14 15 16 17 18 19 20 21 22 28 2 2 26 
DIAGRAM OF 
METER CORRECTION FOR 30 DAY TEST 
Low service Engine No. 7. 


Fie. 52. 


writer before the first engine test was started, between the two 
tests, and after the second test was ended. It was found to be 
in first-class condition at each examination. 

While the diagrams as plotted show a very irregular line, it 
must be remembered that they are drawn to a very large verti- 
cal scale, and actually, with a few exceptions, do not vary more 
than one per cent. from one day to another. Without going 
into the discussion of the probability of error, it would seem to 
the writer that, by careful calibration, results could be obtained 
with the Worthington meter which would not be more than 
one-half of one per cent. in error. 
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METER TEst Loa. 


Low SERVICE ENGINE No. 7. 


S. Gibson. March 10, 1896. 
ss. | NET. 
1 | 9.26) 90° | 1,352 348 | 1,004 3892.8 Cubic feet. 
2 1452 | 447 | 1,005 
1 1370 | 348 | 1,022 
2 1.451 | 446 | 1,005 
1 1/350 | 348 | 1,002 
3 | 1449 | 446 | 1,002 
1 | 11358 | 346 | 1,010 
2 1454 | 446 | 1,008 | 
1 | 1352 | 348 | 1,004 | 
2 93 1,463. | 446 | 1,017 | 
1 1352 | 348 | 1,004 
2 1451 | 446 | 1,005 | 
1 1/352 | 348 | 1,004 | 
2 1453 | 446 | 1,007 | 
1 1352 | 348 | 1,004 | 
2 1452 | 446 | 1,006 | 
1 1,352 348 1,004 | 
2 | 12.51 92 | 1,452 | 446 | 1,006 | 4177.4\cubic feet. 
Ave. 


T. | 92 | | | "18,119 284.6 Cubic feet. 
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PER CENT. 
ERROR. 


CoRREC- 
TION 


Weieut oF | WEIGHT OF | PER CENT. 
Cusic FEET WATER Pass- 


aT TEM’URE.| ING METER. 


WATER. 


COMPUTATION OF METER ERROR. 
TEMPERA- 
TURE OF 


Cusic 
BY METER. 


a 
Z 
= 
a 
° 
A 
x 


DATE. 


4 
| 
| 
Jan. 191.4 .0° 62.18 12,102 1.016 +1 tine 
184.1 ‘0 62.21 8,354 1.001 +0 = 
272°5 8 62.21 17,197 1.014 +1 
276.0 5 62.21 | 17,096 995 -9 
1016.4 5 62.33 | 62.648 .989 
277.6 62.27 | 17,024 1984 
276.9 8 62.26 17,010 987 
2828 62.26 | 17,359 986 ot 
261.3 79.0 62:24 | 16,074 "988 
2052.8 70.2 62:31 | 127,244 995 - 
295.0 7.7 62.25" 18,036 “982 
827.1 77.2 62.26 20,052 1985 —15 
Feb. 246.5 82.2 62.21 |. 15,039 -19 
7.1 84.2 62:19 | 17,085 ‘991 — 0.9 
278.4 81.3 62.22 17,149 
279.3 79.4 62.24 17,178 "988 —12 
297.9 76.4 62.27 18.243 983 — 1.7 
996.4 76.4 62.27 61,322 1988 —12 
294°5 79.1 62.24 18,221 7994 
213.4 80.2 62.23 13,145 "990 — 1.0 ha 
280.1 81.6 62.21 17.250 "990 10 
273.8 86.0 62.17 16.819 
279.4 88.7 62.19 17,063 "982 —18 
280.7 87.3 62.16 17109 980 — 2.0 
990.7 74.6 62.28 60,446 979 
267.2 81.2 62.22 16,287 ‘979 —21 
280.3 96.8 62.06 17,100 983 —17 
279.3 81.6 62.21 17,146 ~ 
277.7 79.2 62.24 17,107 
971.8 82:0 62/21 17,082 +07 
81.6 62.21 18,368 +02 
293.6 84.2 62.19 18,366 + 0.6 a 
569.6 70.3 62.31 35,541 +01 
Mem 280.4 78.7 62.24 17,363 0.6 
278.1 85.0 62.18 | 17,300 
27.0 83.5 62.19 17/284 +03 
279.7 87.0 62.16 17,474 + 0.5 
280.7 92.3 62.11 17,625 +11 
1002.6 77.4 62.26 62.877 + 0.7 
309.2 83.9 62.19 19,441 +11 
278.1 85.5 62.17 17,477 +14 
245.8 | 87.0 62.16 15,118 
284.6 91.6 62.11 18,119 1025 +25 
288.1 85.3 62.18 18,108 ‘011 +11 a 
12 991.6 80.2 62.23 62,431 "012 +12 is 
13 254.7 88.6 62.14 16,113 018 +18 = 
14 589.7 86.6 62.16 87.209 1015 +15 
15 402.0 88.6 62.19 25,300 ‘012 +12 rae 
16 449.8 81.8 62.21 28,321 "012 +12 
17 995.6 76.3 62.27 62,789 013 +13 a 
18 458.8 82.5 62.20 28.571 +01 
19 | 440-4 84.4 62.19 27,466 [008 + 0.3 
20 | 83.0 62.20 34,298 7998 — 02 
21 442.2 85.7 62.17 27435 "998 —02 
22 410.3 80.1 62.23 25,191 ois 
23 431.9 82.9 62.20 26.666 998 0.7 
24 428.9 81.8 62.21 26,482 ‘994 — 0.6 ad 
25 395.9 82.2 62.21 24446 | 998 — 0.7 
26 1944.0 7.1 62.26 119,891 | —09 
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DISCUSSION. 


Mr. John Thomson.—If the author of this paper had strictly . 
confined himself to carrying out the programme specified in the 
opening clause, namely, “to give the Society results,” there 
would have been less room for adverse criticism; but as he has 
drawn a conclusion not warranted by the data presented, it may 
be well to point out a few of the discrepancies. 

First. The size of the meter is not stated. 

Second. The maximum rate of discharge is not stated, except 
inferentially at top of page 136, where it appears that 1,000 pounds 
of water is run in “about ten minutes”; this being equal to, say, 
1.6 cubic feet a minute. For a §-inch Worthington meter this 
would be rather a high rate for close work; for a $-inch it would 
be about right, but for a 1-inch rather low. 

Third. It does not appear at what rate the meter was operated 
when in actual use, except that from the table on page 138 it is 
stated that 284.6 cubic feet were run in three hours and twenty- 
five minutes, or equalling an average rate of 1.38 cubic feet a 
minute. 

Fourth. Nor is it stated whether the meter was tested for 
accuracy at different rates of delivery. 

Fifth. Neither does it appear that the meter on duty was liable 
to operate under a wide range in rate of delivery. 

The omission of these elements would preclude any one from du- 
plicating the conditions of this test in the hope of duplicating the 
results. To correct this the size of the meter ought to be given; 
as also its rate of delivery and its extreme variations, high and 
low, in rate, cubic feet per minute. 

What was the object, may I ask, of letting the air out of the 
meter “at least every eight hours”? Was it also lubricated ? 

I quite agree with the author in his closing words, “ that by 
careful calibration results could be obtained with the Worthington 
meter which would not be more than one-half of one per cent. in 
error” ; and to this I add that the same result can be obtained 
from at least a dozen other meters if by “careful calibration ” it 
is meant that the meter is to be run at a fairly uniform rate of 
delivery, with, as in this case, filtered water and even omitting 
the pneumatic relief. But I infer that this opinion is based upon 
the average of the percentage of error of the several tests as 
recorded in the table on page 139, by which the fifty-nine observa- 
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tions indicate a registration by the meter of 100.4 per cent. To 
the well-worn truism that averages are deceitful, deceiving, and 
altogether uncertain this table aforesaid is added testimony. 
Thus, in a total of thirty-six indications (marked minus on the 
table, to which reference will be made later) the average quantity 
indicated by the meter is 101.2 per cent. Again, in a total of but 
twenty-three “plus” indications, the average is 99.0 per cent. 
Now nearly all of the minus and plus records were in sequence; 
hence if one observer had happened to use the meter in, say, Feb- 
ruary, it would have been over one per cent. plus; if another 
observer had employed it in March, it would have about one per 
cent. minus; difference, this time, over two per cent. As a matter 
of fact, between the observations of February 14 and March 10 

' the difference is 4.6 per cent. 

Judging from these considerable fluctuations in the record, it is 
my opinion that the author of this paper is not justified in the con- 
clusion which he applies as to the accuracy of the particular meter 
tested ; and if he is to repeat such a test, with the same outfit 
illustrated, I would recommend him to provide a very ample air 
chamber to his feed pump and see to it that the air is left in it; 
as under conditions of greater constancy of pressure, analogous to 
that of a gravity supply, I believe his meter will perform more 
uniformly than is here recorded, if the rate of delivery is fairly 
uniform and favorable to the meter. 

I call attention to errors in placing the plus and minus signs in 
table, page 139; in every case they should be reversed. Two 
instances will suffice by way of proof. Thus, at the head of the 
table, 191.4 x 62.18 = 11,901.25 pounds of water registered by the 
meter, while the quantity of water weighed is 12,102; hence, 
12,102 — 11,901.25 = 100.75 pounds less by the meter than by the 
reference of accuracy. Consequently the meter indicates minus, 
and not plus as printed. Again, in the observation of January 
30th, 295 x 62.25 = 18,363.75 pounds by the register of meter to 
18,036 pounds by the reference of value. Hence, 18,363.75 — 
18,036 = 327.75 pounds more by meter than by tank; the meter 
being plus, not minus. This error, by the way, is so common 
among water-works superintendents that I presumed to point it 
out in a paper presented to the New England Water Works Asso- 
ciation,* and to then observe as I do now that all such uncertain- 


* “ Uniformity of Methods In Testing Water Meters,” Jowrnal of New Eng- 
land Water Works Association, vol. x., No. 2, December, 1895. 
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ties would be done away with if, instead of recording the error 
plus or minus, such columns be marked “Quantity in Percentage 
Indicated by Meter” and the tally be made accordingly. In 
this wise the aforesaid observations of January 18 and 30 would be 
correctly recorded, respectively as 98.4 and 101.8 per cent. 

In closing, I also presume to observe that in the present state 
of the art with respect to water meters and platform scales it is 
simply a waste of time and effort to take account of variations of 
less than 10 degrees in temperature whereby to carry out dif. 
ferences in weight of water, so found, in that such refinements are 
microscopic as Compared to the probable error of the apparatus 
itself. Thus the change in volume due to the entire range in tem. 
perature, about 25 degrees, applied to the total quantity, about 
25,000 cubic feet, would make an error of but approximately one- 
third of one per cent. And yet the degrees are recorded in tenth 
parts of one. To search for “the last place of decimals” in the 
calibration of a commercial water meter is not even worthy of 
commendation for the intention. 

Mr. John A. Laird.*—I am very much obliged to Mr. Thom- 
son for calling attention to certain data required to carry out 
original programme. 

First. The meter was a 1j-inch Worthington. 

Second. There was practically no maximum discharge. It was 
running at almost a uniform rate, as the tables below will show: 


Total water through Total water through 
Date. meter, cubic feet. Date. meter, cubic feet. 
2,049 954 (12 hours) 


* Author’s closure, under the Rules. 
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And on the second engine test : 


Total water through Total water through 
meter, cubic feet. " meter, cubic feet. 


1,003 (12 hours) 


The speed of the auxiliary feed pump was always regulated so 
as to take the water just as fast as it came from the attached feed 
pump. 

By taking any single quantity in the above table and dividing 


by 1,440 you will get very near the 1.38 cubic feet per minute 
which Mr. Thomson figures from a sample of daily tests, the 
maximum rate being 1.47 and the minimum 1.33. 

It looks very much as though he is mistaken as to the intention 
of the work at hand. We were not testing the meter; we were 
testing the pumping engine and only calibrating the meter. It 
is not at all probable that a feed-water meter on a pumping engine 
duty test would be called upon to “operate under a wide range in 
rate of delivery.” 

Trying the meter for air in body, once a watch, was a refine- 
ment which certainly did no harm and may have done some good. 

There was a very ample air-chamber provided on the feed pipe, 
and fitted with a glass water gauge. 

I am very glad that Mr. Thomson agrees with the conclusion 
as to results obtainable with Worthington meters, and will agree 
with him that “there are others.” But the inference that the 
conclusion was reached by averaging all the results is entirely 
erroneous, and his worn-out truism does not happen to fit. 

He has jumped at another conclusion when he takes it for 
granted that one observer obtained all the plus corrections and 


Date. 
11............... 1,985 (24 hours) 991(12hours) 
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another all the minus. As a matter of fact there were three 
observers, who were changed each week. The first week the 
meter was calibrated by Mr. Hoffman, the second week by Mr. 
Bentley, the third week by Mr. Baker and the fourth by Mr. 
Hoffman. And so in rotation. 

Regarding the so-called error in signs, it is quite probable that 
the manner of designating suggested by Mr. Thomson would be 
better, but the one used is the common method. 
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DCCIX.* 


A TWO-HUNDRED-FOOT GANTRY CRANE. 


BY JOHN W. SEAVER, CLEVELAND, 0. 


(Member of the Society.) 


IN the latter part of the year 1895, the Cambria Iron Com- 
pany, of Johnstown, Pa., decided to cu. t-uct a storage and 
loading yard for their proposed new struccural mill at Johns- 
town, Pa., and invited several engineering firms to submit esti- 
mates and designs for a plant to handle the material that it was 
intended to store and load in this yard. 

Among the firms invited to submit proposals, that with which 
the writer is connected took up the matter at once, and gave it 
a great deal of very careful study. The yard it was designed to 
cover—400 by 800 feet—was so large that it was evident from the 
beginning that unless some very economical form of construc- 
tion should be proposed, the expense of covering the area would 
be very great. There are several methods by which the desired 
object can be attained, and each plan was carefully considered 
and its objections and advantages compared. 

A very simple way of covering any area is by the use of 
stationary derricks with swinging jibs. This, while probably 
the cheapest construction, is at the same time the most objec- 
tionable, on account of its requiring a large number of derricks 
_ to cover the surface. In fact, swinging derricks cannot be 
arranged so as to cover the whole yard, as there is necessarily 
aconsiderable area around the footof the derrick that is un- 
available. These objections caused this plan to be dismissed. 

The next plan that was considered was a system of surface 
tracks, between which the material to be stored would be piled, 
and on these tracks a number of locomotive cranes could be 
placed. Two of the objections against the plan of a stationary 
derrick system could very properly be raised against this second 


* Presented at the New York meeting (December, 1896) of the Americau 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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plan with even greater force, as the tracks upon which the loco. 
motive cranes would travel would occupy a very large portion of 
the yard. The locomotive cranes would be very expensive, and 
their range of length of jib is quite limited. 

A third form of construction, and one that seemed to offer 
several advantages over the first two plans, consisted in a series 
* of overhead tracks, running parallel to the length of the yard, 
and mounted on these tracks were to be a number of overhead 
travelling cranes of the ordinary type. Against this plan could 
be urged the fact that the supports themselves would take up 
more or less room, and the foundations, columns, and stringers 
for these supports would be very expensive, as it was proposed 
to make the cranes of exceptionally long span (100 feet centres 
of supports). This span would make the overhead ties or brac- 
ing very expensive. 

Dispensing with the overhead bracing would necessitate the 
columns supporting the overhead tracks to be sufficiently rigid 
in themselves to maintain the tracks in perfect alignment, and, 
in addition to this, they would require exceptionally heavy and 
good foundations and anchorages. 

The cranes themselves would be expensive, and, should the 
surface of the whole yard be covered, which would necessitate 
four cranes, each 100 foot span, it would mean the employment 
of four operators—one for each crane. 

These were the principal objections to the overhead crane 
system, but they were deemed sufficient to cause the rejection 
of this plan in favor of the gantry crane system. 

This plan contemplates the use of two travelling cranes, 
each 200 feet span, running upon tracks on the surface of the 
ground, parallel to the length of the yard, so that the two cranes 
cover the whole surface, with the exception of three spaces, one 
five feet wide down each outside edge of the yard, and one ten 
feet wide down the center. There is one line of track down 
each outside edge, and two lines of track down the center. 

It was proposed to mount the cranes upon end frames or legs, 
making them what are commonly called “gantry cranes,” and 
to make the legs or end supports of sufficient height to allow a 
train of cars, with men on top of same, to pass freely underneath. 
For this purpose the clear height from the top of the rail to 
the underside of the stringer that the crane trolley traverses, 
was fixed at 20 feet 0 inches; and as the height from the surface 
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of the yard tothe top of the rail is 14} inches, a clear height 
from the surface of the ground to the underside of the crane of 
21 feet 24 inches is obtained. 

The magnitude of these proposed gantries caused the matter 
to be most carefully considered, both by the Cambria Iron Co. 
and the Wellman Seaver Engineering Co., who submitted this 
plan to them for their consideration. 

After a thorough examination of the plan proposed by them 
they were awarded the contract. 

The firm, before submitting their proposal for this crane, 
very carefully considered all the various forms of cranes, both 
of the regular travelling and the gantry types that are at present 
in use, and, after a thorough investigation of the different 
types, decided upon a form of construction that they believe to 
be entirely original. It consists of two main girders of the Pratt 
type, with vertical posts and diagonal tension braces, the 
bottom chord being straight, and the top chord parallel to the 
bottom chord for about one-half its length, and then inclining to 
the end posts at such an angle that the depth of truss at the 
ends is one-half that at the centre. These two main trusses 
are framed together at an angle of 60 degrees. The top chords 
have their parallel portions connected with splice and tie plates. 
The bottom chords are parallel to each other, and separated a 
distance of 20 feet. The main trusses are 18 feet deep at centre 
and 9 feet deep at the ends. 

This peculiar form of construction gives the arrangement of 
the main trusses the appearance of a steep-hipped roof, very 
long in proportion to its height. A cross section at the centre 
is that of an equilateral triangle, and the cross section of any 
point between the end posts and where the top chords join each 
other is that of a trapezoid. 

Suspended beneath the bracing that separates the bottom 
chords is a runway for the crane trolley to travel on. This 
runway consists of riveted I-beams, with T-rails secured to their 
upper flanges. 

The stringers are very rigidly braced to the chords of the 
main trusses, not only at the panel points where they were sus- 
pended, but also at the middle of each panel. 

The horizontal bracing between the trusses consists of a 
series of floor beams, firmly riveted to the posts of the trusses, 
and forming the struts of the lateral system. 
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The diagonal members consist of angle irons riveted to wing 
plates secured to the trusses and floor beams, these wing plates 
being bent to conform to the angles of the floor system and the 
trusses. 

To prevent any cross strains of the struts resulting from the 
live load (the weight of the stringers and trolley), it is taken 
directly from the stringer suspenders up to the top of the posts 
of the main trusses by means of diagonal suspender angles. 
These angles also form posts for the attachment of a line of 
hand-railing. 

Resting on top of the floor beams are two lines of channel 
irons parallel to the main trusses. These channel irons form 
stringers for the foot walk, which extends the full length of the 
erane. The walk is made of two thicknesses pine plank with 
tar-paper between. The floor beams also carry the pillow 
blocks for the main shafting. At the ends of the crane, and in 
the plane of the trusses, are carried down riveted legs or sup- 
ports of the box form. These legs are firmly braced to the bot- 
‘tom chords of the main trusses with large plate-iron brackets, 
well stiffened with angle-iron flanges. The legs are also braced 
to each other crosswise of the crane, with a system of horizontal 
and diagonal braces, with a stiff tie-beam at the foot of the legs. 

The width from centre to centre of the trucks supporting the 
crane is forty-three feet nine and three-quarter inches, forming 
a wheel base for the crane of a little more than one-fifth of the 
span, which is sufficient to square the crane on the tracks. 

The end frames are formed of plates and angles, arranged so 
as to present a smooth end surface, the corners of the openings 
being filled in with curves of large radii. 

The top chords are made of two channel irons with a cover . 
plate on top, and latticing on the bottom. The bottom chords 
are made of two channel irons, latticed on top and bottom, so 
as to afford no room for lodgment of moisture; this point 
being carefully kept in view throughout the construction. 

The vertical posts of the trusses each consist of four angle 
irons latticed together. The diagonal members of the trusses 
are each formed of two angle irons riveted at their intersection. 
Particular care was paid to the connections of all members. 

The loads and strains adopted for this crane were as follows: 
A live load for trolley equal to 20,000 pounds. To this was 
added, for impact, 25 per cent., or 5,000 pounds. The weight of 
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the trolley was estimated at 23,000 pounds—making a total of 
48,000 pounds distributed on four wheels, spaced about nine 
feet centres, bringing a reaction upon each stringer support of 
18,000 pounds. 

To still further provide for any sudden application of a live 
load, it was assumed to be equal to 22,000 pounds applied at 
any panel point of bottom chord of each truss. 

This is largely in excess of any load that will come upon the 
crane ; but it was considered advisable to use it, in view of 
the fact that the load might catch, thereby bringing a greatly 
increased weight upon the trolley. 

The dead load, weight of trusses and floor, was assumed 
at 88,000 pounds per truss, or 8,000 at every point of bottom 
chord of each truss. 

In order to provide for a very large factor of safety in the 
bottom lateral system, a wind pressure of twenty pounds per 
square foot was assumed, or a load of 5,000 pounds at each panel 
point of bottom chord. To resist these combined loads, the fol- 
lowing limitations of strains were adopted : 


For live loads. 12,000 lbs. per sq. in. of net section, 
6,000 “ 

Compression. 10,000 of gross section. 

Bearing on rivets and bolts... 12,000 per sq. in. 

For dead load. Tension 15,000 se oe of net section. 
Compression, 12,000 gross section. 

Bearings on rivets and bolts.. 15,000 laa 


“ec 


In all the compression members a proper reduction of the 
strains was made in all long members, so as to insure the same 
general factor of safety throughout, and the strains in the bot- 
tom lateral system were still further reduced to 10,000 pounds 
per square inch in tension and 8,000 pounds per square inch im 
compression. All of these strains are largely in excess of 
what the writer would recommend for an ordinary crane con- 
struction ; but the ratio of dead load to live load is so great that 
it was necessary to observe the greatest possible economy of 
material to avoid the crane being so heavy that it would be 
impracticable. 

The truss members were not all proportioned to comply 
exactly with the areas that the above limitations of strains 
called for. They were never made of less sections, and in se¥ 
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eral cases the section was increased in order to obtain the 
necessary stiffness. This will account for the seemingly largely 
increased area of some of the members over that required by 
theory. 

The minimum speeds of the various motions of the crane are 
as follows : 


Traverse of main bridge 
trolley 


Hoist with full load 


The crane rests upon four trucks ; each having four steel- 
tired double-flange wheels, twenty-four inches in diameter. 
The wheels are keyed to steel axles, five inches in diameter. 
The gauge of the track is three feet six inches centres of rails. 
The journals are five inches in diameter, seven inches long, 
fitted with bronze bearings carried in cast-steel oil-boxes, with 
ample provision for lubrication. The wheéls on one truck at 
each end are connected by means of a system of shafts and 
bevelled gear wheels. The gear wheels are steel castings, and 
are of extra heavy design throughout. The shafting from one 
truck to the other is four inches in diameter. The couplings 
are all rigid flanged couplings, tightly keyed to the shafts, and 
fitted with turned bolts of a tight driving fit. The main shaft, 
extending the length of the crane, is carried in universal bear- 
ing pillow blocks of very heavy design. These pillow blocks are 
bolted to the cross beams of the floor system, with packing 
pieces between them and the beams, and are lined up perfectly 
true and level. The thickness of the packing pieces varies to 
suit the requirements of each individual pillow block. 

The end bearings, where the main shaft is geared to the 
diagonal shafts that connect it to the trucks at each end, are 
carried by compound boxes, so that it is impossible for the 
main and angular shafts to get out of line. 

Special care has been taken with all the bearings to provide 
ample facilities not only for the lubrication, but for the inspec- 
tion and removal of any part. For most of the bearings com- 
pression grease-cups have been supplied, in addition to the usual 
lubricating-holes and reservoirs. 

The top of each truck carries a steel socket or cup, and in 
this socket is placed a hard steel ball, six inches in diameter. 

The bottom of the end supports are also provided with 
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corresponding cupped sockets. The ball rests in a slightly 
elongated groove; the major diameter of the groove being 
crosswise to the centre line of the truck, and the minor diam- 
eter being parallel to the track on which the truck rests. By 
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END VIEW, LOOKING FROM “a” 


means of this elongation of the groove, the ball is allowed 
a slight motion at right angles to the centre line of the track on 
which the truck travels, and this permits of the expansion and 
contraction of the main girders of the crane. It also allows the 
trucks upon which the crane travels to be slightly out of align- 
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ment, as the balls form universal joints between the trucks and 
the crane. 

The arrangement of the gearing connecting the driving shafts 
to the trucks is such that the vibrations of the trucks around 
the centres of the balls do not disturb the alignment of the 
gearing to an appreciable amount, as the centres of the main 
driving spur wheels are on the same lines as the centres of the 
balls. 

Directly in the centre of the crane is placed a fifty horse- 
power electric motor, connected directly to the main shaft with 
one reduction of steel gearing. 

The trolley which travels upon the suspended runway 
beneath the main chord is of the ordinary crane type, with the 
exception that the gearing throughout is of extra heavy design, 
and of either steel or bronze castings. 

The winding-drum is of cast iron, with right and left hand 
grooves for the chain, milled out of solid metal. 

The traversing of the trolley upon the track and the hoisting 
is done by two twenty-five horse-power electric motors. All the 
motors are wound for 220 volts. 

The operator’s cage is attached to, and moves with, the 
trolley. It is provided with windows on all sides, so that the 
operator can have a clear view of any part of the yard. In the 
cage are placed the controllers which govern all the motions of 
the crane, and the necessary switches, cu‘-outs, etc. Over all 
the gearing is placed coverings or housings that are readily 
removable, the coverings being arranged to exclude all mois- 
ture or dust. The motors are also encased. 

Attached to each truck are two snow-ploughs, or gudrds, made 
of plate stiffened with angle irons. These snow-ploughs are 
easily removable, so that access can be had to any part of the 
trucks. 

The end frames are so arranged that should it be desired to 
transfer a load from one side of the yard to the other, both 
cranes can be brought in line with each other by means of 
removable stops on the trucks, and the trolley from either crane 
run directly through the end supports and on to the track on the 
other crane. 


s 
| 
| 
| 
} 
q 
| 


A TWO-HUNDRED-FOOT GANTRY CRANE. 155 


DISCUSSION. 


Mr. William L. Clements.—There are novel features in this 
crane design, and a prominent one is its exceedingly long span. 
Mr. Seaver has designed a crane which is unique, and it is a type 
the like of which is not to be found in this country or abroad, as 
far as I am informed. 

I desire to call your attention to the large amount of motor 
power required compared to the small amount actually required 
for the work to be done. One hundred horse powers in motors 
are used, and the crane’s capacity is ten tons. Mechanically its 
efficiency is small, which is generally the case with gantry cranes, 
and in this case particularly so, with its very long span and great 
weight. 

Without considering other types of cranes which might, with 
some modifications, perform the same service, but which designs 
have been doubtless considered by Mr. Seaver, it would appear to 
me that the ordinary travelling crane would combine advantages 
over the Gantry. In such a case shorter spans only would be 
desirable, and whilst the area occupied by the longitudinal sup- 
ports would be somewhat greater, the dead weight to be moved 
for each operation would be very much smaller, and the required 
horse-power for the crane very much smaller. 

There is another type of crane not considered by Mr. Seaver 
to which I desire to call attention. This is the locomotive gantry 
type. 

I am not acquainted with the arrangement of the yard and 
tracks of the Cambria Iron Company beyond the hints given in 
the drawings shown with this article. The article mentions tracks 
for loading and unloading material. 

The locomotive gantry crane is an ordinary locomotive crane 
mounted upon a gantry of a span and height sufficient to allow a 
car to pass under it. The track gauge upon which the gantry 
travels is therefore about fourteen feet. Upon this track gauge 
acrane may be mounted, and with a weight to the machine of 
about fifty tons, it is capable of lifting ten tons at a radius of fifty 
feet, so that one of these cranes covers an area one hundred feet 
wide, and two of these cranes would fulfil the same service that 
one gantry does. Such a crane would not weigh as much nor 
occupy more ground area, considering the fact that the area occu- 
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pied by the loading or unloading tracks is here occupied by the 
crane. 

With such a crane, there is less dead weight to be moved for 
each operation, and with two machines not costing more than one 
gantry there is an advantage that more work may be done with- 
out additional expense of attendants. 

The use of the locomotive crane here is a suggestion and a 
matter of information for those who are not familiar with this 
type of crane, which is used so largely abroad, and now being 
introduced for such service in this country. 

Mr. Seaver.—In reference to one of the objections which have 
been raised against the crane, which was the large amount of dead 
weight to be moved in relation to the live load, I would state that 
the idea is to bring this crane opposite to the pile of material that 
is to be loaded on the car and bring the cars opposite to that. 
Then the only part of the weight of the crane which is moved is 
simply the trolley, which is of the ordinary crane construction, 
and that trolley would travel from the pile of stock to the car. 
So that the objection of moving a large crane for every load does 
not exist. That is not the way that it was intended to work this 
crane. 

Mr. Schumann.—I merely want to call attention to the ingen- 
ious arrangement of the cross section of the trusses, as a whole, 
Mr. Seaver has adopted. I have never before seen an arrange- 
ment of the main chords forming apices of a triangle. By this 
means Mr. Seaver gets rid of all cross bracing between the upper 
chords and also permits the tension members which carry the car to 
be hung directly to the upper chord instead of cross girders ordi- 
narily required. The design is most commendable. 

Mr. Oberlin Smith.—It seems to me that under the circum- 
stances this must have been the best form of crane, and better than 
an ordinary travelling crane, because the yard was so very long— 
eight hundred feet, I believe—and the side tracks to support 
a travelling crane would be expensive as well as perhaps being 
in the way. Another advantage of this form is that it enables 
an unlimited extension of yard length, provided such should 
become necessary, at very slight expense, merely putting down 
ordinary railroad tracks. Furthermore this crane is another illus- 
tration of the extreme usefulness of independent electric motors 
to drive such apparatus. As Mr. Seaver said, the large motor 
which is necessary to move a crane two hundred feet long is only 
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used occasionally—merely when it is desirable to shift its general 

sition. The ordinary working of the crane being only to run 
a light trolley crosswise, of course but little power is used for the 
practical work. Here again if we had to supply a large engine to 
drive the crane in the old-fashioned way, steam would have to be 
up all the time and the power would be partially wasted. But 
with electricity there is no power wasted except at the instant of 
using it. I can see that its great weight is an objection to the 
crane, and the first cost of a large motor. Of course, the practical 
conditions present in each particular case would determine whether 
it would be better to put the expense in the uprights of the 
crane to support it from the ground or whether it would be better 
to put raised tracks at the ends of it so as to use the ordinary 
type. 

Mr. J. L. Gobeille—With regard to the question of the extra 
power, the President is reported to have said that if you got too 
much metal in a machine and that it was paid for, you would not 
hear of it, but if too little material was used you might hear of it 
even if it were paid for. It seems to me Mr. Seaver has got too 
much power and too much strength for what his crane is supposed 
todo; and yet, while this is intended for only ten tons, the boss 
of the gang might put on fifteen tons. 

Mr. G. C. Henning.—I think I can say something about the 
necessity of making these cranes strong ; especially at the Cambria 
Iron Works, where laborers are mainly Hungarians. When a pile is 
to be loaded on a car, they put their chains and hooks around and 
away it goes, and if the crane is not strong enough, there will be 
the end of something. 

It is not mentioned in the paper, but I would like to say that 
the Cambria Iron Company is going to use this crane for material 
heavier than that. which is now rolled; but it is altogether likely 
that as soon as people know that they have a crane which can handle 
pieces eighty feet long they will simply say, we will want a piece 
eighty feet long, and some means of handling such must be avail- 
able. Furthermore, the Cambria Iron Company is going into roll- 
ing larger sections. In that case the bars will become heavier, but 
at a rate which cannot be foretold. But the other point of the 
economy of space in the yard, such as is absolutely necessary at 
Johnstown in the yards of the structural mills there, is of the first 
importance. Even the mere interposition of a post across that two 
hundred feet would make it absolutely impossible for the people 
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to handle certain pieces of material which are called for. So they 
must be prepared at any time to handle any kind or any weight 
or any size of piece that can pass through their mills. A smaller 
crane would not at all handle pieces such as are of almost daily 
occurrence, say plates that are 40 feet long, angles that are 60 
feet long, 6 inches by 6 inches by # inch thick. If there is a 
single post in the way there is no way of handling them, unless 
thirty or forty men are available, over all the material stored in 
the yard. A great difficulty in our structural mills is that there 
is rarely yard room enough to do all the work necessary. The 
Cambria Company is known to have a stock of material on hand 
which far exceeds that of any other mill in the country, and is 
therefore obliged to have handling facilities in the stock yard 
greater in capacity and dimensions than any other of our mills, 
and any one familiar with the location, as some of us are, will see 
that a small crane would be almost out of the question, besides 
requiring a great number of laborers in addition to do less than 
what this one crane will do. That is also a consideration, and the 
loss of room and the multiplication of tracks in the yard is almost 
prohibitory. They could not handle their business if they had to 
put eight tracks in there instead of these two or four. The idea 
of transferring the loads from one crane through to the trolley on 
another crane so as to shift right across those yards to the car 
track is sometimes the only salvation of the business. If they 


_ cannot handle the material the mills have to stop, because of lack 


of room in their particular location. 

I want to call attention to another crane of similar dimensions 
in the yards of the Johnson Company, at Johnstown also. But 
there they must have a crane covering 160 feet span by 800 feet 
length because they lay out all their switches and turnouts and 
cross-overs for electric and cable roads on a brick floor—an abso- 
lutely level yard 160 feet by 800 feet long, and every piece of rail 
has to be handled and put together and taken apart again and put 
on the cars. They could not have got the space if they had used 
any other kind of crane. The latter crane is not of the heavy 
construction described in the paper, because it is not used for very 
heavy loads. Only two tracks, at either end, are used to load the 
material. The first consideration was to get floor room of suffi- 
cient dimensions to lay out these immense curves—for instance, 
the Battery curve on the Broadway cable road—which would have 
to be laid out full size on the floor. This crane of apparently 
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excessive capacity will no doubt be of the greatest advantage to 
the Cambria Company, and the low efficiency pointed out by one 
of the speakers is not the true efficiency of the crane at all, because 
the full power is used for two minutes; it is not again required for 
hours, while the efficiency must be considered in regard to the 
work done while using the trolley to handle the individual loads 
to be carried. While the crane is probably shifted little by little, 
the cars are constantly being shifted. I think the yard is on a 
slight grade, and when a car is loaded the brakes are loosened and 
it runs down one car length, the next coming into position. The 
crane brings all the material to the cars without interfering with 
anything else in the yard, and when thousands of tons of material 
are on hand the economy of space and the rapidity of handling 
and transferring material are of the utmost importance. It is not 
a question of what is the efficiency under full power. It is a ques- 
tion whether you have got power enough to do the thing at the 
time and at the place at which you want to do it, and the rest of 
the time work efficiently. 

Mr. Seaver.—I would like to say one word in favor of this 
crane, because I feel a sort of interest in it, and that is that one of 
the strong arguments in favor of this crane was the cost of the 


crane. If we had covered that yard with elevated tracks of suf- 
ficient strength to carry four one-hundred-foot cranes, the cost of 
the track and the four cranes would have been very nearly three 
times the cost of two of those cranes, and that was considered to 
be a very strong argument in favor of the crane even if it does 
weigh in excess, as the gentleman says. 
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DCCX.* 


THE “PROMISE AND POTENCY” OF HIGH-PRESSURE 
STEAM. 


ILLUSTRATED BY THE TRIPLE AND QUADRUPLE EXPANSION 

EXPERIMENTAL ENGINES OF SIBLEY COLLEGE, CORNELL 
UNIVERSITY. 
BY R. H. THURSTON, ITHACA, N. Y. 


(Member of the Society and Past-President.) 


Introductory.—For more than a hundred years—the full period, 
in fact, of the existence of the modern type of steam engine which 
received substantially its complete form from James Watt, and 
including the advances effected by his successors among inventors 
—the main lines of improvement have all been in one or another of 
three principal directions : increasing steam pressures, increasing 
ratios of expansion, and increasing speeds of piston.t Know- 
ingly or unknowingly, however, the real and fundamental sources 
of gain utilized have been but two: the extension of limits of 
heat-conversion by extending the range of temperature through 
which adiabatic expansion may occur, and decreasing those 
losses which distinguish the real from the ideal or purely thermo- | 
dynamic machine. The only known method of securing the — 

transformation of larger proportions of the available heat energy 
of the steam into mechanical energy is by more complete expan- 
sion behind the piston of the engine ; and the only way in which 
the real engine can be made more perfect in its approximation 
to the ideal is by reducing the proportion of heat escaping, as 
heat, by conduction and radiation and the friction-loss by which 
a part of the transformed energy is always more or less retrans- 
formed into heat. More extended adiabatic expansion can only 
be attained by raising steam pressures; friction can only be 
reduced by improved design and more thorough lubrication. 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions, 


+ History of the Growth of the Steam Engine, Thurston. N. Y., 1897. 
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The study to be here attempted is that of the “promise and 
potency,” as Tyndall might have said, of high-pressure steam in 
the saturated state. The facts will be in part deduced from 
the operation of two high-pressure engines, the one a triple and 
the other a quadruple expansion engine, employed as “ experi- 
mental engines ” in Sibley College work. 

Maximum expansion, as nearly adiabatic as practicable, is the 
secret of maximum efficiency, other things equal, in all cases, 
and increasing pressure has little or no value from this point of 
view without simultaneous elevation of the ratio of expansion to 
its practicable limit ; a limit which is, however, in turn restricted 
by back pressure, by internal wastes, and by financial consider. 
ations.* This latter statement has been sufficiently verified 
already, and need not be here discussed.+ 

The proposition that the maximum efficiency of the fluid, 
thermodynamically, is measured by the value of the maximum 
ratio of expansion may be proven with sufficient definiteness for 
present purposes thus : t 

Assuming, for convenience and as sufficiently exact for our 
purpose, that the expansion is sensibly hyperbolic and the 
operation purely thermodynamic, the work performed by the 
fluid at a pressure p,, and volume »,, expansion taking place to 
back pressure p, = ps, 18 


U=p, (1 + log, — Pr V2; 
=p, log. 7; 


where 7 is the ratio of expansion giving a terminal pressure 
p, =p The value of the ratio of this work, U, to the quan- 
tity, W, of fluid employed, measured sensibly by 7, 2, is thus 


> 


% log, r / « log, 7 ; 


it being, however, noted that the back pressure p; = p, in this 
case. With p, constant, the practical case, some gain is obtain- 
able by increasing pressures, but, loss occurring by incomplete 
expansion, this is not the fulland maximum possible gain. 


* Mannal of the Steam Engine, Thurston, vol. i., chap. ii. 
1896. 

¢Ibidem ; also 7ransactions A. 8. M. E., 1881 to date. 
t‘‘ Ratio of Expansion for Maximum Efficiency,” Transactions A, 8. M. E., 1881. 


N. Y., Wileys, 
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Experience shows that in the steam engine, as most efficiently 
employed, simultaneous increase of expansion with increasing 
pressure is always observed. The terminal pressure on the 
expansion line has gradually fallen, in the best engines, from 
higher figures to about ten pounds in the square inch, absolute, 
in good engines, and to eight, or even to six, pounds above 
vacuum in the most economical of modern condensing engines. 

As pressures have risen throughout the century, the value of 
the best ratio of expansion has correspondingly increased, and 
in still higher ratio, and the best work is now done, in the best 
of contemporary engines as a rule, at a ratio measured by the 
quotient p, / 8, or a slightly higher value. The Milwaukee 
pumping engine, for example, gives p, / 6.5 = 20, nearly. 

From what has preceded, it is seen that the efficiency, the 
quantity of work which may be obtained from the unit-weight 
of steam, may be at least approximately taken as proportional to 
the logarithm of the ratio of expansion for maximum efficiency, 
and that consequently the cost of power will be proportional to 
the quantity 
W, = m / log p, 


where W, is the weight of steam per I.H.P. per hour, and p 
pounds per square inch. 

The value of this constant, m, employing common logarithms, 
was fifteen years ago about 40, and is now probably not above 
30 for good constructions ; it has become, in the case of the best 
class of engines above referred to, about 25, including all wastes. 

Accepting the last measures as limiting figures for the higher 
pressures of steam which the engineer is coming now rapidly to 
contemplate and experimentally to investigate, we have approxi- 
mately the following : 


15 30 45 75 150 
Steam used per I.H.P.... 13-15 11-18 10-11 9-10 8-9 


The Progress of Modern Times in the utilization of high 
pressures has been exhibited in an earlier paper, and is shown 
in the diagram here produced, for the century (Fig. 63), and with 
the line dotted beyond our own date to indicate the possibilities 
of the immediate future, assuming the same law of advance to 
hold.* Until the introduction of the compound engine, at 


* Trans, A. 8. M. E.; vol. xv., 1893, LXXII., p. 354. 
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about the middle of the century, the advance in pressures and 
in the available extent of expansion was slow; but from 1850 
the progress is seen to have been not only comparatively rapid, 
but quite as remarkably and continuously accelerated in its rate 


[ 


Pounds Abs per Square Inch 


5 


°30 40 60 "70 80 1900 A.D. 
Fic. 63.— Rise in STEAM PRESSURES, 1800-1900 


of gain. At the present time the indications seem to be that, 
for some cause not fully determinable, but very probably 
mainly connected with the difficulties in securing satisfactory 
boiler construction, this rate of acceleration is beginning to fall 
off, and the hypothetical line is here taken as indicative of a 


240 
| 
| 
| 
| 
| 
| 
| 
| 
} 
| 
| 
| 
| 


“PROMISE AND POTENCY” OF HIGH-PRESSURE STEAM. 165 


possible check in this advance. The maxima rise from 50 
pounds a generation ago to 125 pounds in 1880, to 200 pounds 
in 1890, to 250 in 1895, and are likely to be above 300 pounds in 
1900. The pressures adopted in the case here to be particularly 
considered—500 pounds, about 34 atmospheres—are such as, in 
the regular course of such progress as has been witnessed in 
the last generation, would be reached about the year 1910 or 
1920. The change now taking place so rapidly, in the transfer 
of the work of steam making from the “shell boiler” to the 
modern forms of water-tube boiler, seems likely soon to result 
in the removal of many obstacles to further increase of steam 
pressures, and it is very possible, it is probably safe to infer, 
that in the near future it will be found as easy to control and 
utilize pressures of 500 and of 1,000 pounds per square inch 
as to-day to employ those of 100 ta 150. In fact, the employ- 
ment of pressures of 1,000, 1,500, and, as is said, 2,000 pounds 
by Jacob Perkins sixty years ago, and of pressures of 800 
and of 1,000 pounds by Dr. Alban a half-century ago, may be 
taken as ample evidence of the practicability of employing such 
tensions of steam in the future, if found desirable.* The two 
real questions are, with us, simply, Will it pay the boiler-maker 
to supply boilers for these pressures? and Will it pay the engi- 
neer or steam-user to adopt them in ordinary practice? These 
are questions of finance, to be settled by direct experiment and 
by prolonged experience, should experiment indicate a possibil. 
ity of commercial gain by the movement. There is certainly at 
the present time no insuperable difficulty, as a matter of engi- 
neering simply, in designing to meet a demand for pressures as 
high as those which, in 1835 to 1845, were handled successfully, 
even with the crude facilities of those times, by Perkins and 
Alban ; nor is there any difficulty to-day in proportioning an 
engine to work steam of any pressure that may be found finan- 
cially desirable. A triple-expansion engine, with ratios of ex- 
pansion in each cylinder of about 3} , will work steam of 500 
pounds, and at 4 to 4} expansions will take care of steam at 
one thousand pounds. A quadruple-expansion engine will simi- 
larly handle these pressures with ratios of 2 and 24. It seems 
improbable that a quintuple-expansion engine will be required. 


* History of the Growth of the Steam Engine, pp. 323-327. Vide, also, Stewart 
and Galloway’s histories, and Pole’s translation of Alban. 
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Measures of Efficiency.—What is meant by the measures now 
coming to be employed in the statement of efficiencies, in the 
more common ‘units, may be in some degree exhibited by a 
comparison of those measures. In the accompanying figures 
(Figs. 64, 65), the variation of quantity of heat and of steam per 
I. H..P. per hour, with varying efficiency, are exhibited ; the 
primary assumption being that, in a condensing engine, the cir- 
culating fluid received 1,100 B. T. U., or 855,800 foot-pounds of 
energy, per pound vaporized; corresponding, for efficiency 


B.T.U. per H.P. per Hour | 
8000_10000_ 12000 22000_ 24000 26000 28400_30000 


\ 


Efficiency, Pet Cent 


Fic. 64.—THERMAL MEASURE OF EFFICIENCIES 


unity, to about 2.3 pounds of feed-water or of steam per power 
unit. For unity efficiency, the exact figure for J = 778 is 
2,545 B. T. U., and the values representing a maximum in the 
best contemporary practice are not far from 20 per cent. 
efficiency, 12,725 B. T. U. per hour per I. H. P., and 11.6 
pounds of feed-water or of steam. One half this efficiency and 
double these expenditures are considered excellent figures for 
the average engines of good builders, with steam at now common 
pressures, between 100 and 125 pounds. 

On both scales the limits of the corresponding ideal case may 
be taken as not far from 25 per cent. efficiency, and rarely as 
attaining 30 per cent. The latter figure corresponds closely 
to 8,200 B. T. U. and 7.5 pounds of stegm per I. H. P. per 
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hour. Practice has attained to, at best, about 70 per cent. of 
the ideal, thermodynamic case. 

The purpose of employing any stated measure of engine 
efficiency is always definite, and should be stated in advance, 
while the unit of comparison should be as precisely defined. 
There are employed in the work of the engineer one absolute 
and several relative efficiencies. 

The Absolute Efficiency measures the proportion of the total 
energy supplied, in form of heat, which is transformed into the 
dynamic form, in the cycle or the series cf operations considered. 


Pounds Steam per H.P. per Hour 
5 y 3 10 1 


Fic. 65.—STEAM-WEIGHTS AND EFFICIENCIES 
American Bank Note Co..N.Y. 


A Relative Efficiency measures the ratio of dynamic energy 
secured for the performance of work, in any given cycle or oper- 
ation, to the quantity which would have been similarly trans- 
formed and delivered had the cycle or operation been of equal 
perfection with one chosen as a standard. This standard is 
selected for special purposes, and may be more or less perfected, 
- or even, in an exactly defined degree, defective, as compared 
with the pure, the ideal, thermodynamic case most nearly par- 
allel therewith, as may be found desirable or expedient; but 
its exact nature and its absolute efficiency should always be 
known and precisely stated. 


be 

SSH = 
atti = 

TAK 


-168 “PROMISE AND POTENCY” OF HIGH-PRESSURE STEAM. 


The Standard of the Measure of Absolute Efficiency is perfect 
transformation of the one form of energy into the other; its 
measure is unity. It corresponds to the transformation of one 
British or metric thermal unit into 778 foot-pounds, or into 
426.9 kilogrammeters, of dynamic energy. 

The Standard of Relative Efficiency is that efficiency obtainable 
in a cycle of specified form, ideal, thermodynamically, and also 
especially adapted to the case in hand as representing that par- 
ticular ideal which the actual cycle and operation compared 
therewith may approach, but, in consequence of mechanical or 
physical limitations, can never absolutely attain. 

The Carnot Cycle is one primary standard or measure of rela- 
tive efficiencies: being that most perfect of thermodynamic 
eycles which both mechanical and physical conditions forever 
forbid the engineer reaching ; though the perfection of his heat- 
engines may be exactly measured by comparison with this 
purely thermodynamic and perfect cycle. 

The Rankine Cycles here adopted are forms of steam-engine 
cycle which are conceivable and thermodynamically possible, but 
which, until heat-wastes by conduction and radiation are extin- 
quishable, represent also a limit approachable but unattainable 
by the engineer. They are defective Carnot cycles, failing to 
provide Carnot’s compression-line, and in some cases his com- 
plete expansion to back pressure. They are given their special 
forms in order that the engine, as built and operated, may be 
compared with the purely thermodynamic machine of similar 
construction, and they therefore have similar temperature and 
pressure and expansion limits. 

The latter measure of efficiency is called, in some cases, the 
“standard efficiency,” * and is defined to be the ratio of the ab- 
solute efficiency of the actual engine to the absolute efficiency 
of the ideal with which it is, at the time, compared as the 
standard. 

The Clausius Cycle, employed also as a standard, is the Carnot 
cycle without compression, but with complete expansion. It is 
impracticable, but permits the measure of the loss incurred in 
the Rankine cycle by incomplete expansion. 4 

The Use of Standards may be required in any investigation of 


* Sankey on ‘The Thermal Efficiency of Steam Engines,” Proc. Inst. C. E., 
March, 1896 ; Thurston on ditto, Jour. Frank. Inst., December, 1896. 
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efficiencies of engines. Which shall be employed as relative 


will be determined by the nature of the defect sought to be ex- 


hibited. The use of the Carnot cycle permits a measure of the 


total wastes, aside from the purely thermodynamic loss of 
rejected heat during isothermal compression; the use of the 
Rankine adiabatic cycle enables the losses due to conductivity 
of the steam cylinder, and to incompleteness of the cycle as well, 
to be summed ; the use of the Rankine “ jacketed-engine cycle” 
similarly permits the comparison of the real engine with that 
other form of ideal—the steam distribution being, as in the 
preceding case, the same as that of the real engine; and the 
Clausius cycle allows the comparison of the real engine, and of 
its absolute efficiency, with that of the ideal of the same peculiar 
and special form. 

The defects of the ideals thus selected for use as relative 
standards may be either thermodynamic, physical, or mechani- 
cal, or even defects of the assumed construction producing 
defective steam distribution; but every such ideal is, in some 
degree, and sometimes in various ways, defective. 

Thus the absolute efficiency gives a measure of the proportion 
of thermal converted into dynamical energy, both as an abso- 
lute measure and as affording an opportunity of comparison 
of such efficiencies among any number of engines to determine 
their merits as thermodynamic machines and their compara- 
tive values. Its highest values now range between fifteen and 
twenty per cent., and among the less economical classes of 
engine down to ten per cent. and less. The relative efficiencies 
measure the defects of the actual cycle employed or assumed, 
and permit a comparison of the theoretical and also the practical 
results of thermodynamic conversion in real construction with 
either of the ideals taken for standards, and thus measure the 
extent of the deficiency of the real and the ideal, or the relative 
merits of the various ideals studied as standards toward which 
to approximate in real engines. 

The Heat-Supply occurs in a manner quite different, in the 
ease of the Carnot cycle, from that characterizing the other 
standards of heat and steam distribution. The communication 
of heat to the fluid takes place by transformation of dynamic 
into thermal energy, in its midst, in the process of final adiabatic 
compression. As is sometimes said, the cycle is characterized 
by possessing a “dynamic heater.” In the case of the Rankine, 
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the Clausius, and other cycles proposed as standards of refer- 
ence under varicus circumstances, the feed-water takes up heat 


_at gradually increasing temperatures from thermal heaters, and 


from the heated mass of water in the boiler into which it is 
introduced by the feed-pump. In the Carnot cycle the feed- 
water begins receiving heat from the source af supply at the 
temperature of vaporization, and only latent heat is demanded; 
in the other cycles the feed-water is delivered to the boiler at 
lower points on the scale, and receives heat through a wide 
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= 2 4 6 8 100 120 140 160 180 20 20 %0 260 20 300 
Fic. 66.—CARNOT CycLe. NON-CONDENSING STEAM ENGINE CYCLE 

Pa = 15 


range of temperature, in the form of sensible heat, in addition 
to the supply of latent heat. 

The Clausius standard cycle, adopted by some authorities as 
a reference standard, expands adiabatically to the back pressure. 
Captain Sankey has proposed to make the form of cycle that of 
Rankine, but adopting a constant value of the terminal pressure ; 
expansion terminating at a pressure exceeding the back pressure 
by the constant quantity, 0.15 atmosphere. 

The Ideal Limit of Performance, adopting the Carnot as the 
cycle of maximum efficiency as our standard of comparison, is 
exhibited, for the full range of pressures to-day employed or 
proposed to be employed by most advanced practitioners, in 
Figs. 66 and 67. Back pressure is assumed, in the first of these 
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cases—that taken for comparison with the common non-condens- 
ing engine cycle—at 15 pounds per square inch, and in the case 
of the cycle to be compared with the best condensing engines 
at 2 pounds. In the former case gain is see to be rapid with 
increasing pressures up to about the now familiar range of high- 
pressure machines, thence becoming less and less rapid, and 
even at 300 pounds pressure reaching only 23 per cent., with 
final gain at the rate of about 2} per cent. per 100 pounds rise 
in pressure. A similar method of variation of efficiency with 
increasing steam pressures is seen in Fig. 67, in which the range 


Efficiencies 


4 8 10 12 14 16 180 200 22 240 260 230 900 
Fic. 67. — CARNOT CYCLE — CONDENSING STEAM ENGINE CYCLE 


= 2 


of pressure and temperature is made coincident with that of the 
best condensing engines. Gains are slow above the now usual 
maximum of steam pressure in practice, and at 300 pounds 
increasing at the rate of about 24 per cent. per 100 pounds rise, 
as before. But here the efficiencies have much higher numeri- 
cal values than in Fig. 66, necessarily, and 25 per cent. at about 
100 pounds, 30 per cent. at about 200, and 33 at 300 pounds pres- 
sure, are the maxima for even the ideal case and the Carnot 
cycle. For 500 and 1,000 pounds the figures rise to something 
above 35 per cent., and to about 50 per cent., as seen in more 
detail later. 


These diagrams are peculiarly interesting and instructive 
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as representing the whole range of steam-engine pressures and 
of maximum ideal efficiencies for the nineteenth century. They 
show what have been the limits of possible gain in the opera- 
tion of the steam engine from the time of Watt to the end of the 
century. The study of the details of practical improvement in 
the direction of gain in economical production of power from 
the heat and fuel supply of available energy shows that the 
approximation to the ideal has, throughout this whole century, 
been very largely due to the reduction of those wastes which 
characterize the real as distinguished from the ideal thermo- 
dynamic machine, and which were at the first mainly internal 
_heat-wastes by “cylinder condensation.” This form of waste 
has been, like the thermodynamic gains illustrated in the dia- 
grams just presented, rapidly reduced in the earlier part of the 
century, and more and more slowly conquered as time pro- 
gressed, until to-day, in the best engines, these losses have 
become restricted, from the earlier 95 per cent. of Savery and 
his contemporaries, to about 25 per cent. in good engines, and to 
20 per cent. as a minimum in our own day, with now exceedingly 
slow further reduction. Further gain in this direction is now 
apparently not made at a higher rate than about 1 per cent. in 
a decade; and still less rapid progress must be anticipated, 
it is probable, in the future, unless indeed the working cylinder 
can be given, by some as yet undiscovered means, a noncon- 
ducting interior surface. 

The Reduction of Internal Wastes, as effected during the period 
marking the growth of the modern steam engine to the end of 
the nineteenth century, is shown in the diagram, Fig. 68, in 
which the gradual rise in the measure of the “duty” of the 
engine is illustrated, and the corresponding and largely gain- 
producing restriction of thermal waste, the main source of this 
gain, is exhibited by the accompanying curve. The duty, in 
millions of foot-pounds per 100 pounds of fuel, reduced to pure 
carbon, is given on the right, and the percentage of thermal 
waste is shown on the left-hand scale. The dates are given on 
the scale of abscissas. The wastes of the best engines of our 
own day are now reduced to about 20 per cent. thermal, and 10 
per cent. dynamic, losses. Since the perfect engine can, on 
this basis, give but about thirty per cent. efficiency, a duty of 
about 360,000,000—corresponding to a duty of 1,200,000,000 for 
efficiency unity—it seems very probable that our line must soon 
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reverse its curvature and tend to become asymptotic to the upper 
limit of abscissas. This is simply an illustration of the invari- 
able rule in engineering, as in many other directions, that the 
closer we approximate to our ideal the more difficult does it 
become either to effect a nearer approach or to maintain the 
degree of perfection actually reached. This diagram is both 
the measure of the earlier progress and an indicator of the trend 
of our own progress for the immediate future. 

Practical Results, as modified by steam pressure and as deter- 
mined by experiment upon engines of but ordinarily good con- 
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struction and performance, are illustrated in Fig. 69, in which 
the curves of efficiency for an engine rated at 50 horse-power 
with 100 pounds pressure are given. This is one of the 
elements of the largest of the experimental engines of Sibley 
College. Collating the results of numerous tests of the 
machine, a simple engine of nine inches diameter of cylinder 
and of moderate piston speed, working as a condensing engine, 
we obtain data which give smooth curves of the character here 
presented, after careful rectification of curvature and of relation 
of location. 

The points to be noted are the gradual decrease of the gain 
attainable by increasing pressures, the location of the power for 
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maximum economy for each pressure, and the extension of its 
range of practical availability with minimum cost of power as 
pressures rise. At 40 pounds the best work is done at between 
20 and 25 I. H. P., and economy falls off rapidly outside these | 
limits. At 60 pounds the best work is done at between 30 and 
40 H. P., and about twice as wide a range is permissible, with 
the previously assumed allowable variation in economy. At 80 
pounds the work is most satisfactory at 45 H. P., and a range of 
20 H. P. gives but little variation in the cost of power. At 100 
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pounds the best power is 50 H. P., and the range of nearly con- 
stant economy is still wider; while at 125 pounds the limit of 
pressure observed, the engine does its best work at about 55 or 
60 H. P., and good work up to 70 H. P. 

The same story is told, in a different and perhaps more familiar 
way, by Fig. 71, in which the ordinates are ratios of expansion, 
and the abscisse are costs of power in weights of steam and 
of feed-water, as before. Pressures ranging from 40 to 120 
pounds, the same minima in costs of power are exhibited, and 
the best work is seen to be effected at ratios of expansion rising 
in magnitude from 2} to 4. The range of cut-off giving best 
work is seen to be more restricted, and variation from that value 
more costly at the lower than at the higher pressures. In- 
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creasing the pressure three times here gives about fifty per 
cent. higher cost of power at the lower than at the higher pres- 
sure. These two diagrams illustrate the behavior of the average 
well-designed and well-constructed simple engine of our day, 
when of small size and having large clearance, within the range 
of pressures which have been noted in mill-engine operation 
during the last half-century; the standard condensing engine 
of the various dates being taken as the basis of our selection. 
This may be taken as illustrative, in fact, of the past and present — 
simple Corliss-engine practice as pressures have gradually 


| AS 
9 Ag "4 
8 4 an 
V4 A 


? 


6 ( A 


YA 
/ 


2 


1 


Water lbs. per 1.H.P. per Hour 3 30 35 40 


45 50 
B.T.U per I H.P. per Hr. 20000 25000 30000 85000 40000 45000 50000 


Fic. 71. — ECONOMY WITH VARYING RATIO OF EXPANSION. 
American Bank Note Co.,N.Y. 


risen in our New England mills from the lower to the upper 
limit of our range. These data, derived from a small engine, 
may be taken as representative of either an unusually excellent 
machine of that size or of a fairly good engine of the average 
size found in our mills. Large and exceptionally good engines 
will give better figures; engines taken as they happen to come 
into the experience of the engineer will fall below these figures, 
and often very considerably. 

Clearance Losses are sometimes important, especially in the 
better class of engines. Experiment upon engines of the kind 
above referred to have been in progress some years in the 
laboratories of Sibley College, and it is anticipated that in time 
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we shall have a collection of data of value bearing upon this 
hitherto little-studied source of waste in the more economical 
classes of engine. Meantime the accompanying curves, Fig. 
72, may be taken as illustrative of the bearing of this defect 
upon engine performance in the case of the familiar forms of 
condensing mill engine. The diagrams are the smooth curves 
derived by examination of a variety of work of this class, up to 
the present time. Still better data will probably be found 
later, when the last work of this kind, of the year 1895-96, can 
be published. The main facts sought to be presented at the 
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moment are the somewhat rapid increase of this form of waste 
with increasing clearances in the “low-speed ” mill engine, and 
the obvious deduction that much of the gain noted in recent 
years in the better classes of mill engine is unquestionably 
due to the skill exhibited by their designers in making the 
“dead spaces” of minimum volume. It is especially interest- 
ing, in studying these curves (Fig. 72), to note the influence of 
decreasing clearance in not only effecting economy and raising 
the value of the efficiency, but also in raising the value of the 
ratio of expansion for best performance, and thus permitting 
more complete utilization of approximately adiabatic expansion 
and resultant heat conversion and utilization. 
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Fig. 73 exhibits precisely the same facts, but in a more usually 
familiar form, and gives the weights of feed-water correspond- 
ing to the efficiencies previously computed and observed, with, 
as before, the deduced results, for the same condensing engine, 
could the clearance wastes of the particular case be entirely 
annihilated. Both diagrams are for what may be taken as a 
fairly good representative steam pressure, 100 pounds. It is 
seen that, were the engine to be subject to all other wastes, 


precisely as at present, it would be practicable, clearance being 
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abolished, to bring up the efficiency to about 20 per cent. The 
figures of the second set of curves give about 12 pounds of feed- 
water per power-unit, as the-practical limit for the engine with 
zero clearance ; while the maximum efficiency would be reached 
with a higher ratio of expansion than 10. With 5 per cent. 
clearance, the expansion ratio is restricted to about 9 for best 
effect, and the cost of power becomes larger than the minimum by 
one-third. Ten per cent. clearance reduces the available ratio 
to 5.5, and the steam consumption becomes 50 per cent. higher 
than the minimum. Fifteen per cent. clearance brings down the 
effective expansion to a cut-off at one-fourth, and the steam sup- 
plied becomes nearly doubled—21 pounds per I. H. P. per hour. 
Here also, as in so many other cases, the conditions restricting 
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economy also restrict the range through which power may be 
varied without serious ill-effect, on either side the point of 
maximum efficiency. Clearance is thus seen to be at once an 
important element of waste and of restriction of the application 
of the principles of maximum economy, and its elimination one 
of the esséntial elements of further progress. : 

Fig. 74 illustrates the same general variation of efficiency 
with varying clearance for the case of a fairly economical non- 
condensing engine, as deduced from the experimental work of 
the Sibley College laboratories, and presents the measures of 
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P,= 100; P,= 18; Clearance variable 
9" x 36"@ 90 Revolutions. 


steam consumption on a diagram in which the curve is, as in 
the preceding cases, carefully rectified by reference to both the 
rational and the experimentally determined qualities. 

Here the clearance varies from about 35 per cent., in the en- 
gine employed, down to one-third that figure, and the curve is 
sufficiently well established to permit tracing it back to zero 
clearance. The figures for steam consumption actually varied, 
as shown, from 35 pounds down to 28, and, tracing back to zero 
clearance, to 26 pounds ; but on a large scale, as 500 H. P. and 
upwards, these figures should be reduced to one-half their pres- 
ent magnitude. 
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The deduction from this examination of the subject is, as it 
would seem, that the loss by clearance, in the Corliss engine— 
practically the Rankine cycle—is proportional to the extent of 
the dead spaces, or the clearances, as they are commonly called, 
at moderate values of that quantity, and increase in higher ratio 
at excessive values of the clearance. 

The Distribution of Energy, usefully and wastefully, in the Ran- 
kine ideal, the cycle of the representative engine, is seen in the 
next set of curves (Fig. 75), in which are shown, after a manner 
already repeatedly employed in earlier studies of the general 
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subject, the variation of weight of steam and of heat ex- 
pended in the ideal and the real case, at ratios of expansion 
ranging from unity to ten, and with boiler pressure at 100 
pounds, back pressure five pounds, and rated engine-power at 
200. The machine from the performance of which these data 
are obtained is one of the experimental engines of Sibley Col- 
lege, working under conditions generally favorable to good 
performance, though with a much higher back pressure than is 
desirable, the supply of condensing water being unfortunately 
limited. The figures are fair average figures for an engine of 
usual proportions and economic value. The ideal thermo- 
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dynamic case, taken as a Rankine jacketed cycle, would give 
the lower of the several curves and a minimum cost of power 
measured by 12.5 pounds of steam or of feed-water per I. H. P. 
per hour. Added friction and external thermal losses raise the 
figures above those of the ideal case one and a half to two 
pounds ; internal wastes bring them up to nearly double the 
ideal figure as a minimum, adding about six pounds to the fig- 
ures for the ratios of expansion and the cut-offs adjacent to 
those indicative of good adjustment and of minimum costs. 

The best ratio of expansion is found, finally, at about six, with 
little variation between five and seven. With a back pressure 
of two instead of five pounds these values of the best adjustment 
of that ratio would have been somewhat enlarged, and the econ- 
omy of the engine considerably increased as well: 

Taking this “ simple” engine as representative of the common 
condensing mili engine of moderate size, with its internal 
wastes computed and observed, giving very nearly the same 
constant for the expression obtained for that loss as did the 
Sandy Hook engine which first supplied the required data for 
the construction of these expressions, we have the following as 
figures representing the magnitude and method of variation of 
the efficiency of the engine with varying ratios of expansion. In 
the expression for internal wastes, w = aV/ rt, a is taken as 22.5. 
This is large, since the engine is small, the losses being greater 
as the diameter of cylinder is smaller, in some as yet not pre- 
cisely ascertained ratio.* 


CONSTANT QUANTITIES. 


Boiler pressure, by gauge, pounds per square inch............ 100 
Quality of steam at engine, per cent...............20eeeeees 98 
Back pressure, pounds per square inch...... ...........0-0: 5 
Friction of engine, horse-power ..............20.-.eeeee-00- 7.25 


The following table gives the results of computation beside 
those of observation : 


* Manual of the Steam Engine, Thurston, vol. i., chaps. 4, 5. 
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Economics OF IDEAL AND OF REAL ENGINE (9 IN. x 36 IN.; 86 REvs.). 


Expenditures in pounds of steam per H.P. per hour. 


| ENGINE 
Expansion, | deal. | | Radiation. 
| | Computed. 
Lbs, Steam. | Lbs. Steam. | Lbs. Steam. | 

32.91 1.78 | .267 7.62 
20.50 1.75 268 6.68 29.18 29.10 
16.70 1.78 268 6.70 25.45 24.6 
Diwessdiens 15.11 1.80 270 7.01 24.19 23.1 
rT 14.21 1.838 271 7.40 23.71 22.6 
_ TORT 13.52 1.86 272 7.70 23.35 22.8 
12.67 1.98 275 8.27 22.20 23.7 
, =e 12.22 2.12 280 9.10 24.08 24.0 
11.90 2.37 291 9.50 24 06 24.5 
PR 11.70 2.71 305 10.30 24.92 25.5 
a 11.61 3.06 331 12.00 27.00 28.0 


The engine trials showed a slightly more rapid gain in the 
earlier cut-offs, and a greater waste in the later, than were com- 
puted ; but the two sets of figures are closely accordant through- 
out, indicating the practicability of securing a measure of the 
constants, in the expressions for wastes, by a single trial at any 
convenient and usual load, and thus a clue to the behavior of 
the engine at all loads. This fact is of great importance where 
questions of relative efficiency and costs arise in adjusting sizes 
and steam distributions of engines to changed or to very variable 
loads. The two sets of results, computed and observed, are well 
shown in Fig. 76, in which the lower dotted line represents the 
purely ideal case corresponding to the real case as above ; the 
added friction cost gives the next line above, the external heat- 
losses the third line, and the upper dotted line shows the com- 
puted total, including the internal thermal wastes measured by 
the portions of the ordinates intercepted between the third and 
upper lines of the diagram. The full line shows the results of 
experiment, and how exceedingly closely the method of computa- 
tion reproduces the actual conditions of the case. As computed, 
the maximum efficiency is found to coincide with a ratio of ex- 
pansion of between six and seven. In the actual operation of 
the engine this value is slightly lower, between six and five. 
The dotted points on the diagram represent the experimental 
results at various points of cut-off. The actual costs exceed the 
computed slightly at high ratios of expansion, coincide at the 
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computed point of maximum efficiency, and fall below the actual 
at the lowest values of the ratio of expansion investigated. 

The last set of curves of this series, Fig. 77, represents the 
distribution of energy in the case of the triple-expansion engines 
of the U. S. S. Maine, a powerful warship of the U. 8S. Navy, 
rated at 9,000 I. H. P. The boiler pressure is 165, absolute, 
and the back pressure in the case for which the indicator 
diagrams were worked up was 4 pounds. The best performance 
of this engine seems to be obtained at about sixteen expansions, 
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Fic. 76.— EFFICIENCIES OF CORLISS ENGINE. SIMPLE ENGINE, UNJACKETED 


115; p,=5 
Observed results in full line, computed in dotted line 


though twenty is a more usual figure for such conditions in 
stationary-engine practice. The minimum expenditure of feed- 
water at this pressure is seen to be, in the ideal case, 11 pounds 
at twenty expansions, 11} at sixteen. To this the internal 
wastes add between six and seven pounds, and the computed 
external losses about three pounds more, making a total, at 
twenty expansions, of about 21} pounds, and at sixteen a trifle 
inside that figure. With fuel capable of giving, under the con- 
ditions of ordinary and regular duty and in such boilers as are 
supplied to such vessels, an evaporation of 9 pounds, the fuel 
account would become 2} pounds of coal per I. H. P. per hour, 
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and with 1,100 B. T. U. supplied per pound of feed-water the 
consumption of energy would be, as a minimum, 23,650 B. T. U. 
per I. H. P. per hour. The difference between this figure and 
the cost, in the same measure, of the best work done on shore, 
about one-half that amount, is a measure, at least in some 
degree, of the hampering influence of the exigencies of naval 
construction.* Could clearances be made insignificant, jacketing 
effective, and proportions of engine such as would give a good 
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vacuum and little friction, the wastes, if not costs, would be 


halved. 

The Conditions of Success, with steam at now usual high pres- 
sures, is illustrated by the next illustration, Fig. 78, exhibiting 
the “efficiency curves” of the Sibley College triple-expansion 


*In marine practice it is not unusual to demand and to obtain over a half 
horse-power from each square foot of boiler heating surface, and twenty to 
twenty-five horse-power from each square foot of grate area, the evaporation 
being about eight pounds per square foot of heating surface, the engine demand- 
ing sixteen pounds of feed-water or less per horse-power per hour, and fuel being 
burned at the rate of thirty or forty pounds on the unit area of grate. 
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experimental engine when doing about its best work, the data 
being, for best effect, substantially as follows : 


SrBLEY COLLEGE EXPERIMENTAL ENGINE. 
Cylinders ..... 9 + 16 + 24 x 36 inches | Clearances. .7.6, 8.93, and 9.35 per cent. 
Piston rods ....... 2.31 inches diameter | Boiler pressure.125(abs.); 110 by gauge 
Veouam ....... 10.8 pounds, 22 inches | Barometer ................ 29.4 inches 

Condensing water, per lb. steam..19 Ibs. 


Mechanical efficiency............. 0.88 | Steam, per I. H. P. per hour. . 13.3 lbs. 
B. T. U., per I. H. P. per hour. .14,160 | Steam, per D. H. P. per hour. .15.1 Ibs, 
B. T. U., per I. H. P. per minute. . .236 | Total ratio of expansion ......... 13.83 


Pressures (absolute), at cut-off, 131, 48, 13.5; at release, 43, 14.5, 2.5. 
Jacket-water, per cent., 26.4, 7.05, 28.1 in cylinders, and 9.85, 34.6 in receivers. 
Work per cent., 1, 1.33, and 1.675 in cylinders 1, 2, and 3. 

Thermodynamic efficiency of Carnot cycle, 24.7 per cent.; actual, 18 per cent. 
Ratio of actual to Carnot, 0.73. 

Water-rate of Rankine cycle, 9.6 pounds ; ratio to actual, 0.72. 


In the figure, the curves A are those obtained from the engine 
when the high-pressure cylinder is worked alone as a simple 
engine, jacketed and unjacketed ; P is the set of curves obtained 
from high-pressure and intermediate, working as a compound, 
and C is the set representing the machine, as a whole, jacketed 
and unjacketed, working as a triple-expansion engine, but with 
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only 125 pounds pressure instead of 175, as originally designed. 
This engine gives its best results when the jackets are shut off 
on the second receiver and the low-pressure cylinder—presuma- 
bly because the pressure is too high and temperature too great, 
causing waste of heat by excessive flow at and immediately 
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before exhaust. It is proposed to reduce this pressure from 
that of the boiler, as now, to one-half or less, by the introduc- 
tion of a reducing valve, and a better than even its now ex- 
traordinary performance is expected. The simple engine does 
its best work at ratios of about four and six, unjacketed and 
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jacketed, respectively ; the minimum cost in steam being 23 
pounds steam, about 23,000 B. T. U. per horse-power per hour. 
The double-cylinder engine brings these figures up to 12 and 17 
for the ratio of expansion, and down to 16 and 18 pounds of 
steam, and exhibits the anomaly, in this instance the idiosyn- 
crasy, of doing its best work with cylinders and receiver 
unjacketed at the lower and the reverse at the higher ratios of 
expansion. The triple-expansion engine performs its highest 
duty, unjacketed, at 20 expansions, jacketed at 22, and at an 
expenditure of, respectively, a trifle above 15 and 13.5 pounds. 

The combined diagrams are shown in Fig. 79, together with 
the quality curves of the steam in the three cylinders, as meas- 
urable on the diagrams from the point of cut-off to the end of 
the stroke of each. The saturation curves on the larger diagram 
are necessarily discontinuous because of the variation of the 
percentages of clearance. In the high and intermediate cylin- 
ders, the cylinder condensation continues beyond the point of 
cut-off; in the low-pressure cylinder, superheating is observed 
at the point of cut-off, with progressing loss of superheat down 
to the end of the stroke, at which point saturation is reached. 
This last is the condition, already frequently noted, and espe- 
cially by Dwelshauvers-Dery, as that of best performance for 
any given engine. The assumption is corroborated in this case 
by the fact that this engine has shown its highest efficiency 
under these conditions. Superheating is here effected, to pre- 
cisely the right degree, by the action of the second receiver- 
jacket. The jackets take about 13.7 per cent. of all steam sent 
to the engine ; and of this the first cylinder jacket takes one- 
fourth, the intermediate one-twelfth, the low pressure one-third, 
and the balance is taken by the receiver jackets in the propor- 
tion of three in the second to one in the first.* 

Substantially, all experiments upon the Sibley College experi- 
mental engine show that, in the case of that engine, at least, 
the use of the steam jacket on all cylinders is more advanta- 
geous than its disuse. The highest water rate, unjacketed, in the 
most extended series of tests, 27.5 pounds per horse-power per 
hour, was obtained with the smallest load, about one-eighth its 
proper rating. A smooth curve represents the fall in the cost of 
power with increasing demand for power, up to about 100 H. P. 


* Trans. Brit. Inst., N. A., 1895. 


= 
pas 
j 
n 
» 
= 


188 ‘PROMISE AND POTENCY” OF HIGH-PRESSURE STEAM. 


—a considerably less power than that for which the engine was 
designed.* 

The best water-rate for the jacketed engine was found at 13,2 
pounds and at a value of 113 I. H. P. 

Comparing the work of this engine at various cut-offs, and 
with correspondingly varying terminal pressures, it is found 
that the desirable terminal pressure, the best water-rate being 
sought, is 5 pounds per square inch at exhaust from the low- 
pressure cylinder. 

Studying the data supplied by a calorimetric analysis of this 
engine, the general fact is found to be that, under favorable con- 
ditions, the loss of heat from the wall of the cylinder dur- 
ing admission is about 20 B. T. U. per stroke for the high-pres- 
sure cylinder, 5 B. T. U. for the intermediate, and =18 B. T. U. 
—a negative quantity—for the low-pressure element. This 
indicates clearly the fact that the jacket is of no advantage on 
that particular cylinder, as then operated—a fact further con- 
firmed by direct comparison of the performance of the engine, 
completely jacketed, with the same conditions except that the 
jacket on that cylinder is shut off. The magnitude and the sign 
of this quantity is thus useful to the engineer, and a key by 
which to determine the desirability of a jacket. If the heat 
absorption by the metal is found to be positive during admis- 
sion, it is probably beneficial ; if negative, wasteful. If it isa 
considerable amount, the jacket will be found to have great 
value ; if small or negative, to be undesirable. But it is obvious, 


_on the other hand, that this loss will always be positive, unless, 


through preliminary superheating or jacketing in the preceding 
cylinders of the series, the steam enters the steam-chest of the 
low-pressure cylinder effectively dried and even superheated, 
and the cylinder is held above the condensing point by other 
means than jacketing its own surfaces. 

The two principles to be noted as determining the most eco- 
nomical disposition of provisions for insuring maximum economy 
and efficiency are: 


* This is accounted for, in part if not wholly, by the fact that the engine was 
originally designed for 175 pounds of steam, and is actually, in these trials, oper- 
ated with a boiler built for 125 only. Full-pressure trials are hoped for later 
when a boiler, now set, capable of safely carrying pressures of 300 to 400 pounds. 
is suitably connected up. 
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(1) Maintain the temperature of the cylinder at such a point 
as will make the cylinder loss at admission a practical mini- 
mum. 

(2) So adjust the conditions promoting freedom from cylinder 
condensation as to give as nearly as possible dry steam in the 
low-pressure cylinder at the termination of the expansion and 
the opening of the exhaust valve. 

The Record for 120. Pounds is held, at this date, by the Mil- 
waukee pumping engine, of which a full account was given by the 
writer in a paper published in the Zransactions of the A. S. M. E. 
for 1893. It was observed that its economy was due, as already 
seen in the general case, to its excellent, almost ideal, cycle, to 
its small clearances, its effective jacketing, and a general excel- 
lence of design and construction, resulting in low friction-wastes 
and a very excellent vacuum. The combined diagrams for the 
' engine, and the diagrams exhibiting the variation of the quality 
of steam, at and beyond the point of cut-off, will be found in the 
paper referred to. It is here only necessary to present the fol- 
lowing summary of the results of its trial. 

Computing the efficiency of the ideal representative case for 
this engine, and the wastes of the real engine, and comparing 
them with the results of test, the figures given in the succeeding 
table are obtained.* The wastes are computed for the low- 
pressure cylinder, and the assumption is made that all work is 
performed in that cylinder. The dynamic waste is taken, at 
the usual rating of the engine, as 10 per cent. of the delivered 
power; the internal heat-wastes are computed by the formula— 


inate: 
ad 


in which a is taken, as in the Sandy Hook experiments, as 4, 
and 7 = 19.55, ¢ = 2.96; 


External wastes of heat are taken as 0.5 B. T. U. per square 
foot of exterior surface, and per degree difference between 
external and internal temperatures : 


* ‘Initial Condensation and Heat-Wastes,” Thurston ; 7rans. Brit. Inst., N. A. 
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\ COMPARISON OF IDEAL AND REAL ENGINES. 


Size of engine............. Laan elt 28 + 48 + 74 x 60 inches 
Mean effective pressure, ideal case......... 25.00 
18.99 

real, computed........... 11.73 

real, observed............ 11.68 
Heat, B. U., per I. P. per minute, 167 
real, computed..... 220 


The “ideal case” assumes a Rankine cycle, and is computed 
by the familiar methods of that great engineer. Computing a 
series of such cycles, assuming varying ratios of expansion, it 
is easy to obtain, as in other cases already considered, the 
“curve of efficiency,” as the writer has called it,* for the 
engine considered as a purely thermodynamic machine, thus 
deducing the limit of possible thermodynamic performance. It 
is also easy to compute, with a fair degree of approximation, 
the probable dynamic and thermal wastes for each value of the 
ratio of expansion. The engine trial gives the value of the con- 
stant a, in the expression for heat-wastes within the engine, 
and the friction may be taken as substantially constant for the 
full range of ordinary operation of the machine. Curves of 
efficiency, thus deduced for this engine, are illustrated in the 
next diagram (Fig. 80). 

The lower curve is that of steam consumption of the ideal 
case, the next the dynamic wastes, the third is the external 
thermal loss, and the full line is that of the internal thermal 
wastes, each quantity being superposed on the preceding in 
such manner that the ordinates of the highest curve give the 
computed, and approximately the real, steam consumption of 
the engine at the ratios of expansion, 7, corresponding to their 
location. Itis seen that the real engine has a maximum effi- 


* Trans. A. S. M. E., 1882. 
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ciency, thus measured, at a ratio of expansion of about 20, the 
ratio actually adopted by the builders. The fact that its record 
is the best yet registered is good evidence that the conclusion 
thus derived is substantially correct.* 

The upper dotted line is the curve of added investment 
costs, expressed also in terms of pounds of steam per horse- 
power per hour, and, while not accurate for any other than pre- 
cisely the commercial conditions assumed in this computation, 
it serves well to at least exhibit the fact that high duty, in the 
best of engines, is not the final consideration, and that it may 
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Fic. 80.— EFFICIENCIES OF TRIPLE-EXPANSION ENGINE 
American Bank Note Co.,N.Y¥. 


not, in any given case, pay to adopt the proportions of engine 
and the ratio of expansion required to make “ duty” a maxi- 
mum. It is the “commercial efficiency ” that is required to be 
made a maximum—the combination of low cost of engine with 
low cost of operation for a stated work, in such manner as to 
make the total of all costs chargeable to the work a minimum. 
In the case assumed, with the costs taken as probable for points 
well outside the coal fields, the engine should be designed, 
even if as admirably proportioned and constructed as that here 
taken, as shown by the curve, for a ratio of expansion of not 


* Trans. A. S. M. E., 1882. 
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above 12; although its best duty is given at a ratio of 20. As 
actually operated, it is probable that costs are such as to 
permit the economical adoption of a somewhat higher ratio. 
Summarizing the Case, for the modern, high-grade engine 
working with, it may be assumed, 150 pounds of steam, absolute, 
and at various ratios of expansion within a range somewhat 
exceeding that customarily adopted by the contemporary de- 
signer, we may lay down a diagram, as in Fig. 81, in illustra- 
tion of the point attained to-day in the improvement of the 
steam engine. The lower curve, as before, represents the com- 
. puted, ideal, case ; and this, with from twenty to thirty expan- 
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sions, demands about 9,000 B. T. U., or perhaps 8} pounds of 
feed-water per H. P. per hour. External wastes, including dyna- 
mic, or friction, losses, add ten per cent. to the costs. External 
wastes, in the case of the simple engine, represented by the 
added ordinates, up to the highest full line on the diagram, 
immediately restrict the expansion to a ratio of 8 or 9, and raise 
the cost to 24,000 B. T. U. as a minimum. Compounding the 
engine cuts these wastes in half, substantially, and reduces cost 
to 17,500 B. T. U. at the higher ratio, 10, while the triple-expan- 
sion arrangement, reducing the internal wastes to perhaps one- 
third those of the simple machine, extends the available expan- 
sion to a ratio of 16 and reduces cost to 14,000 B. T. U. per 
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LH. P. Placing four cylinders in series, finally, the cost drops 
to 12,000 B. T. U., and the proper ratio of expansion becomes 
twenty or more. 

The dotted curves show the financial effect of investment 
cost in reducing ~*the expansion and in increasing costs, the 
investment cost being expressed in values of the thermal unit. 
The total costs are thus increased from an eighth to one-fourth, 
and the available expansion correspondingly reduced by some- 
what similar figures.* . 

. Professor Unwin, in 1895, gave the following as the records to 
that date, with saturated steam : t 


MINIMUM STEAM CONSUMPTION. 


| 
| Pounds Steam 
of Pis- H. P. per 
Minute. 


1. Steam Pressure. 


Simple Engine : 


Compound : 


Dujardin............. 548 90 570 18.46 
247 85 493 13.35 
Wheelock 590 160 | 


Compound ; 
Steam: 


SRO "6 180 | 380 | 10.17 


Superheated 


The Promise of Higher Pressures and the potentiality of heat 
conversion in thermodynamic engines, in that field as yet in- 
completely explored and lying quite beyond the range of 
present practice, may be judged partly by studying the thermo- 
dynamic case, partly by such sporadic and isolated instances of 
attempted construction as the past history of the steam engine 
reveals. Since the gain to be anticipated must probably follow 
a logarithmic law, it is obvious that some such advance as is 
* “ Condensation and Heat-Wastes,” Proc. Inst. Naval Arch. of G. B., 1895, 
R. H. Thurston. 
t Proceedings Brit. Inst, C. E., May 2, 1895. 
18 


Triple Expansion: | | | 
Sulzer.... ee 615 141 | 516 | 11.85 ie 
574 1200 | 208 | 11.68 
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measured by the relation of the logarithms of proposed pres- 
sures to those actually familiar to us, at the moment, will be 
experienced. Comparing steam of 100 pounds pressure with 
that at 1,000 pounds, we can hardly expect, from simple increase 
of pressure alone, more than fifty per cent. gain ; assuming, as 
seems not at all improbable, that the actual may be given that 
ratio to the ideal performance now reached in the best engines 
operating at the lower pressure. Taking the best work of good 
engines of to-day as about 12,000 B. T. U. at 100 pounds pres- 
sure, the real case will give not far from, we will say, 8,000 
B. T. U. at 1,000. We can hardly expect much better than 
about seventy per cent. of the theoretical figure for the Rankine 
ceycle—or for the cycle of Carnot, should we ever suéceed in. 
reproducing its form in the actual engine. 

The experiments of Perkins sixty years ago, and those of 
Albans a half-century ago, have no value for our purpose other 
than as perhaps proving the practicability of controlling such 
pressures as 800 and 1,000 pounds and upward within the steam 
boiler. Neither produced an engine approaching, in design and. 
construction, the modern type of engine, or approximating our 
present performance at even moderate pressures. 

Albans reported a consumption of 4.1 to 5.38 pounds of fuel - 
per horse-power per hour, and the sons of Perkins, a generation 
later, employing steam of 350 pounds and upward, reported 1.25 
pounds. * No well-proportioned engines have of late years been 
set in operation under circumstances affording a good gauge of 
the gain to be anticipated by this radical departure- in the use 
of higher pressures. 

The work of the younger Perkins, above alluded to, is illus- 
trated in the performance of the 8. S. Anthracite, a small 
steamer having triple engines, 7} + 15143 + 2213 x 15 inches, 
carrying steam at 350 pounds. The efficiency of the ideal case, 
as computed above, would be about 0.26, and 9,800 B. T. U. per 
I. H. P. per hour would be demanded. The report of Sir 
Frederick Bramwell states the following as the outcome of his 
trials of the ship : 

Fuel per I. H. P. per hour 
**Combustible ” per I. H. P. per hour 


Feed-water per I. H. P. per hour 
B. T. U. per I. H. P. per hour 


* History of the Growth of the Steam Engine, pp. 325-328. 
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The cylinder condensation ranged from above 30 per cent., 
in the high-pressure, to 8.5 per cent. in the low-pressure cylin- 
der.* 

The Ideal Case is easily computed for any assumed pressure. 
Thus, for example, taking the initial pressure as 500 pounds per 
square inch, the back pressure in one case as 5 pounds, in 
another as 2, and the ratio of expansion as 64, in both cases 
we have the following, adopting Rankine’s methods of compu- 
tation : t 


DATA AND RESULTS. 
pp, = 500 lbs. ; p, = 6 lbs. ; p,; = 5 lbs. ; 7 = 64. 


Mean effective pressure 


Reducing the back pressure to 2 pounds per square inch, 
these figures are improved to the extent of ten per cent., and 
we have : 


It is here assumed that 1,100 B. T. U. are available per pound 
of steam with a good boiler and heater system, and that the 
area of heating surface is ample to insure an evaporation of 
nine pounds of water per pound of good fuel. For unity effi- 
ciency, this would give out 2.3 pounds of steam and 0.26 
pounds of fuel per I. H. P. per hour. 

Assuming the total wastes of heat to be measured by the 
percentage w =a 4/r, and the value of a for an engine of con- 
siderable size to be, as found for large mill engines, about 0.15, 
we obtain the loss for the simple engine, w= 0.15 x » = 1.2, 
and the total expenditure of feed-water per horse-power per 
hour here becomes, for the two. cases respectively, 20 and 18 
pounds. Taking the wastes as inversely as the number of 
cylinders in series, within the limits here observed, we have the 


* Handbook of Engine and Boiler Trials, Thurston. N. Y., Wileys, 1895. 
+ Vide the writer’s Manual of the Steam Engine, vol. i., p. 618, for such 
computations. 
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following for the computed and probable costs of power in 
the two cases: 


EFFICIENCIES OF MULTIPLE-CYLINDER ENGINES. 


Form of engine........-.. ps=5,. ps=2. 

9.25 8.5 steam per I. H. P. per hour. 
Simple jacketed .......... 20 18 ig " 
Double expansion. ........ 14.5 13.5 
Triple expansion.......... 13 11.5 
Quadruple expansion...... 12 10.5 


Were the same investigation made for steam pressures approxi- 
mating 1,000 pounds, the results would exhibit but 10 per cent. 
better figures. Compared with the now usual figure, 100 pounds 
per square inch of boiler pressure, the elevation of the pressure 
400 per cent. would give, as seen already, about 30 per cent. 
gain, and increase to 1,000 per cent. about 50 per cent. gain. It 
is further obvious that if a well-designed and efficient, yet not 
excessively expensive, engine could be adapted to the employ- 
ment of these higher pressures the gain in efficiency might, in 
many cases, handsomely repay the costs. 

The Sibley College High-pressure Quadruple-ecpansion Experimental 
Engine.—The builders of the engine to be described were Messrs. 
Thomas Hall and C. H. Treat, both members of the American 
Society of Mechanical Engineers, and both graduates of Sibley 
College and Cornell University, and at the time of its comple- 
tion, in the graduate department of the University. Mr. Hall had 
taken the degree of Master in Engineering, and had entered upon 
his candidacy for the Doctor’s degree in Philosophy. Mr. Treat 
was a candidate for the Master’s degree in Engineering. Their 
professional training and their practical experience and skill 
combined to fit both men well for the task undertaken by them. 

The work was carried on, as opportunity permitted in the 
intervals of more imperative duties, for a period of about three 
years, and the complete engine finally turned over to the Uni- 
versity and Sibley College as an experimental engine in the 
autumn of 1895. The work was that of the two young mechanics, 
entirely unassisted. They introduced several new and interest- 
ing as well as valuable features into the design, and the con- 
struction is most creditable to the makers and to their ie aieal 
in both classroom and workshop. 

The essentials of success were recognized to be the produc- 
tion of a good steam distribution, as nearly as possible illus- 
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trating the cycle of the ideal heat engine ; effective protection 
against wastes, either thermal or dynamic ; and safe, permanent, 
and light construction. High steam pressure, high piston speed, 
complete expansion, were admittedly obvious elements, as already 
seen, of maximum efficiency. It was determined to adopt steam 
of 500 pounds pressure and to design an engine for 300 revolu- 
tions per minute and upwards, with a boiler capable of sustain- 
ing 1,000 pounds pressure. . 

Not only were great originality and intelligence and good 
judgment shown in the design and construction of this new 
engine, but in matters of minor detail even greater difficulties, 
perhaps, were met and surmounted, and the vanquishing of 
these minor obstacles, which are apt in such cases to prove the 
real impediments to success, may be accepted as the best 
possible measure of the ability and the persistence of the 
builders of the machine. Making injectors and water-gauges 
practically workable, and the final substitution for these appa- 
ratus of a special pump and of a new method of water-level 
indication, are as creditable bits of work as are the details of 
the engine and of the boiler themselves. Provision was made 
in the design for the prosecution of various investigations likely 
in time to become of interest, and probably of importance ; and 
the whole outcome of this work, while no one would claim for 
it freedom from defect or absolute perfection in any respect, in 
the opinion of all who have been competent to judge after seeing 
it in operation, may be pronounced most satisfactory. 

The Description of the Engine is here prefaced to the detailed 
account of its performance,* in the language, substantially, of 
its builders: 

“The engine was built in the Sibley College shops, Cornell 
University. It was designed for an experimental engine. It 
involves several new features, including a special form of brake 
capable of keeping the load automatically constant. 

“The principal considerations in the design of the engine 
were, first, that its construction should require as little labor as 
possible ; second, that it should attain high economy. 

“The real economy of a steam engine increases with increase 
in steam pressure and with the reduction of internal and exter- 
nal wastes. These wastes result from cylinder condensation, 
improper steam distribution, leaks, friction, and radiation. 


* Power, July, 1895; Sibley Journal, 1895. 
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Cylinder condensation is usually much the greatest loss. The 
means of diminishing it are : (1) increasing the number of cylin- 
ders, and so reducing the range of temperature in any one cylin- 
der; (2) making internal area a minimum and coating with non- 
conducting material ; (3) jacketing; (4) superheating; (5) high 
rotative speed.” 

It was decided to use four cylinders. A fifth cylinder would 
probably have decreased the cylinder condensation loss enough 
to have considerably exceeded the added losses; but it would 
have increased the work of building, and the economic gain 
would have been small. 

“The temperature of steam at 500 pounds absolute is 467 
degrees Fahr. The flue gases are still higher. If they escaped 
at this high temperature there would be a very material loss 
in the efficiency of the whole plant. This loss was obviated, 


-and at the same time cylinder condensation was reduced, by 


allowing the gases to ‘reheat’ the steam in the receivers, the 
hottest gases heating the hottest steam. This arrangement, 
together with the high rotative speed, makes steam jacketing far 
less important, and it was not attempted.” 

“Provision was made for experimenting with non-conductors 
on ends of piston, and on cylinder heads in the two low-pres- 
sure cylinders. The exposed area in the short, straight ports 
and in the valve orifices is very small. In engines having deep 
cylinder heads a large area is often left in direct communication 
with the interior, by making the steam fit at the end of the cyl- 
inder, instead of at the inner end of the head, as it should be, and 
is, in this engine. This area is just as productive of cylinder 
condensation as any other portion of the interior, and in many 
engines will be nearly as large as all the other areas combined.” 

The engine is shown in Fig. 62.* The cylinders are set close 
together, making it easy to fully and efficiently lag them, so that 
radiation loss will be small. 

“The friction loss is also small for a quadruple of this size, 
being not far from ten per cent. at the normal load. The cranks 
are set alternately at 180 degrees, so that the forces acting on 
the shaft are nearly balanced and the pressure on the bearings 
is small. This is the best way of. balancing an engine, the 
inertia of one piston and connecting rod being balanced by the 
next. The engine has run at five hundred revolutions per min- 


* By permission of Power. 
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ute when resting on blocks and not fastened down in any 
wa 

“ A suitable valve gear for an experimental engine is a diffi- 
cult problem. It must give good steam distribution. It must 
be capable of adjustment for a wide range of cut-off, and com- 
pression, and release should also be under easy control. For 
this engine it must be capable of running at high speed. 

“Plain slide valves are not adjustable. Separate steam and 
exhaust valves of this type would have added very greatly to the 
work of construction, and would not have fulfilled the require- 
ment of ease in adjustment. Corliss gearing would not have with- 
stood the high speed contemplated. A suitable gearing required 
to be positively connected and also required ample port area, and 
quick opening and closing of the valves, also ease in adjust- 
ment.” 

The gearing shown in the engraving was finally worked out. 
The steam valves admit steam through a slot in centre. Steam 
is admitted by one edge of the slot and cut off by the other. 
Both events occur at each stroke of the valve, and the motion 
of the gearing need be only half as rapid as ordinarily, reduc- 
ing the inertia effect to one-fourth. Spiral gears give this 
reduction of speed, and transmit the motion to the sliding- 
block movement on the front of the engine. This latter device 
operates to give the valves quick movement during admission, 
and reduces over-travel. It consists of a bell-crank carrying 
a block in the longer arm sliding in a slot in the wrist-plate. 
The other arm of the bell-crank lever is connected to the driving 
crank of the valve-motion driving shaft. ‘Two of these mo- 
tions are necessary, one controlling the steam valve at one end 
of any cylinder and the other the steam valve at the other end. 
The reason for two is, that one motion can give quick movement 
only once in a complete rotation; but one end of a cylinder 
must have steam 180 degrees after the other in a double-acting 
engine. By referring to the cut it will be seen that lost motion 
in the lower connections will be much reduced by the sliding- 
block device. When the block is near the end of the slot the 
wrist-plate will not move at all. When at the centre of its 
travel the valves are wide open, and a little one way or the other 
makes no material difference.” 

“When the block is moving at the end of the slot the fly 
wheel may be turned thirteen out of thirty-two equal divisions 


j 
} ‘ 
| 
} 
i 
\ 
| 
| 


200 “PROMISE AND POTENCY” OF HIGH-PRESSURE STEAM. 


of its circumference without producing any perceptible motion 
of the valve-arm, showing the extent to which over-travel of the 


_valve is reduced.- The valves are only one inch in diameter, yet 


some of the ports are more than three-eighths inch wide. As 
the valve passes over the port from one side to the other the 
port must always be completely opened during admission, no 
matter how early the cut-off.” All steam-valve rods and rods 
transmitting motion to the sliding-block movement are made 
of bicycle tubing with ends brazed into them. The spiral gears 
are made of mild steel, to run in oil. 

“ The exhaust valves resemble the Corliss, and are driven by 
the crank at the end of the shaft. In case of accident, to stop 
the engine quickly, this crank may be loosened on the shaft, 
and so stop all the exhaust valves at once. This, in fact, is the 
usual method of stopping the engine, and proves both safe and 
handy. The steam valves lift, so that if an exhaust valve is left 
closed the steam in the cylinder is forced back into the previ- 
ous receiver or into the boiler. If the valve is left open, on the 
other hand, steam may blow through into the next receiver. 
The receivers are provided with safety valves, so that the pres- 
sure in them can never become dangerous. By setting the 
engine at admission and changing this exhaust crank, steam 
may be blown through the entire engine. This is convenient in 
warming it up.” 

The stuffing-boxes are nearly long enough to prevent any of 
the rod exposed to steam reaching the outside air. They are 
packed with asbestos wicking and graphite. The deep stuffing- 
box is easy to keep tight. 

All parts are strong enough to carry full steam pressure in 
either of the first three cylinders and 150 pounds in the low 
pressure. This admits of any combination desired. 

“As the number of cylinders and the rotative speed is in- 
creased, the work lost in friction becomes a greater and greater 
item. It isa large percentage of the total friction. To reduce 
it, the journals should be made as small as possible consistent 
with strength. This demands that the shaft be made of the 
strongest material obtainable. The extra first cost is very small 
compared to the saving it will make in a few years. The shaft 
in this engine was forged by the Bethlehem Iron Company, out 
of their steel. It was the only piece made outside the Sibley 
College shops.”’ 
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The rods are of steel. 

The crank and cross-head pins are lubricated from oil cups at 
the end of the engine. Other bearings may be oiled by hand 
without difficulty. 

“The cylinders are lubricated by a Swift lubricator on the 
steam pipe. Some difficulties were met with in the cylinder 
lubricators. Any lubricator having glass tubes or valve seats 
made of compositions which would melt at a low temperature 
would not answer. The valve seats would melt out, but would 
stand if replaced by pure lead ones, while the glass tubes would 
give way. The Swift lubricator was used with the lead valve 
seats. Ordinary heavy-cylinder oil is used. No trouble has 
been experienced from its burning out. The cylinders are all 
in fine condition and show that they are well oiled.” 

“The chimney gases may be sent to the receivers or direct 
up the chimney by turning the proper dampers. When going 
to the receivers the gases strike the first or high-pressure 
receiver, then the second, and finally the low pressure. The 
steam pressure in the low-pressure receiver does not run much 
over atmospheric pressure. Under some conditions it is much 
less. In some cases this receiver has cooled the gases down 
to less than 212 degrees Fahr.” 

“The brake consists of a heavy iron band, Q, the ends of 
which are connected by link / and lever 1. The lever is con- 
nected to the nut which works up and down on screw C. 

“Screw C is operated by gear H, which in turn is driven by 
the small pinion G. If the speed increases the governor balls 
rise, depressing the rod D, and thus causing dog FH to engage 
with the lower bevel gear. ‘hese bevel gears are driven con- 
tinuously by belt from the main shaft, the lower one forward 
and the upper one backward. The pinion @ is keyed to rod JD, 
but can slide along it axially. Now when F engages with the 
lower bevel gear, through G the screw Cis driven counter-clock- 
wise, thus tightening the brake. If the speed decreases, rod 
will rise and /’ will engage with the upper bevel gear, when CU 
will be driven clockwise, thus loosening the brake. 

“In order to give the governor a greater or less range, the 
hand wheel A is used to adjust the leverage, thus shifting the 
point of attachment of link B to lever. A hand wheel is also 
connected with link 2, for the purpose of adjusting the initial 
tension of the brake for different loads. 
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“The brake is kept cool by means of water spraying upon it 
from holes punctured in lead pipe J. Though the varying con- 
ditions tending to produce a change of load can be kept quite 
constant, yet for the purpose of obtaining the load very accu- 
rately it was thought best to place a continuously recording 
drum at the extremity of the brake-arm. This is represented in 
the illustration by LZ. Drum Lis driven at a speed propor- 
tional to that of the engine, by means of the reducing pulleys at 
P. The drum revolves once in fifteen minutes when the engine 
is running at a speed of 300 revolutions. A spring balance, N, 
weighs the load. The recording pencil K marks the zero load 
or the weight of the brake-arm, while M/ marks the weight of 
the brake-arm plus the load ; the difference between these two 
lines on the drum represents the actual brake-load. When the 
drum has revolved once it is pulled up a notch. In order to 
obtain the average brake-load during a test, these drum dia- 
grams are integrated by a planimeter, and the area divided by 
the length, thus giving the average height, which is to be multi- 
plied by the scale of the spring. 

“ The boiler was built specially for this engine, and is of sufti- 
cient capacity to furnish steam for the engine, blower, con- 
denser, and injector. As will be seen from the illustration, it is 
of a vertical coiled water-tube pipe. Its principal features are 
simplicity, a minimum number of joints, rapid circulation, dura- 
bility, and safety for very high pressures. 

“The heating surface is composed of five concentric coils. 
Each of these coils is a continuous welded length of extra heavy 
lap-welded 1j-inch pipe, and is about 100 feet long. At the 
bottom and top of these coils are shown the two large double 
extra heavy tubes leading to the drum above. These form 
headers for the coils, the short one being the steam header and 
the other the cold-water return. They have about the same 
sectional area as the sum of the five coils. The cold-water 
return tube.runs into the drum below the water-line and the 
steam header slightly above, the water-line being about mid- 
way inthe drum. The steam is drawn off through dry pipe 2 
in the top of the drum. This pipe has a great many small holes 
drilled in the top side and a fewin the bottom. The safety 
valve is connected to this pipe just at the end of the boiler, and 
is of the common weighted-lever type. 

“The drum is of mild steel, lap-welded 3 inch thick, 12 inches 
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in diameter, and 6} feet long. It is left entirely solid, being 
neither pierced nor riveted. The heads are-of wrought iron, 
and are fastened on by means of long one inch bolts reaching 
from head to head outside the drum. A 1j-inch stay bolt also 
runs from head to head through the centre of the drum. These 

long bolts form an excellent safety device in case the safety 
’ valve did not work properly. They would stretch nearly half 
an inch before reaching their elastic limit, and thus the head 
would lift and allow the steam to escape in a case of extreme 
pressure. This would occur long before any of the other parts 
of the boiler could have reached their elastic limit, and would 
permit instant reduction of pressure at any rate of evaporation. 
None of the joints are in the flame. The ends of the drum and 
the heads are faced up in the lathe, and have V grooves turned 
in them, into which a copper ring is placed to secure a tight 
joint. The coils are connected to the headers by heavy right 
and left screw-joint couplings. These were put together very 
carefully, and none of them have shown a leak. Both the steam 
header and the cold-water return are screwed into the heads, 
while their other ends are plugged with screw joint and copper 
ring. A blow-off is screwed into the end of the cold-water 
return, so that any sediment collecting there may be blown out. 

“The drum is supported by means of two pillars, and the tops 
of the coils are suspended from the brickwork. 

“The boiler was built sufficiently strong to carry 1,000 pounds 
steam pressure, and was tested to 1,350 pounds, cold-water 
pressure. Both engine and boiler have been operated at 620 
pounds steam pressure. The factor of safety in the heating 
coils is about 17; in the drum above 5.” 

The Methods of Conducting the Engine Trials in this case were 
those usual in the engineering laboratories; the steam being 
weighed by condensation in the special condenser provided by 
the laboratory, all instruments being carefully standardized. 
It is unnecessary to describe them in detail, as they have been 
already frequently and fully illustrated on earlier occasions, and 
described in standard treatises, and in papers published in the 
Transactions of the A. 8. M. E. and elsewhere.* 

It was found advisable to employ a specially constructed 
indicator with reduced piston-area, and great pains were taken 


* Vide Carpenter’s Experimental Engineering, or Thurston’s Engine and Boiler 
Trials, and Trans. A. 8S. M. E., 1890 et seq. 
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to attain satisfactory accuracy and to standardize it thoroughly. 
In the work of testing, the main difficulties arose from the 
impossibility of finding water-gauge glasses that were durable. 
No glass in the market proved suitable to this case, and, in 
spite of many and ingenious attempts to make special construc- 
tions, and every precaution in the way of shielding the glass 
from currents of air, and of providing against those temperature 
and pressure changes which seemed to be the principal causes 
of their breakage, it was finally concluded to give up all attempts 
to utilize that system of indication of the water-level. The last 
and most successful method was that of introducing a float of 
aluminium into the stand-pipe, leading a fine wire from it up- 
ward through a long, nicely fitted, and unpacked hole in the cap, 
over a pulley, and down to a convenient point at which a coun- 
terbalance of nicely adjusted weight was suspended. This 
arrangement required constant attention; but it proved to be 
safe and accurate when properly made and handled. Much 
trouble was met with in the endeavor to find a form of injector 
which would feed against the high pressures here adopted. 
The best was a home-made apparatus, produced by reconstruct- 
ing an old injector, giving it a smaller and suitable size of noz- 
zle. A special make of steam pump, guaranteed for five hun- 
dred pounds pressure, did its work fairly well; but it was not 
always reliable. In fact, the work was so much subject to 
interruptions from these causes that, except for the fact that 
the basing of the results on weighings of steam delivered made 
. time a less important element than in the older method of test 
by weighing feed-water, many trials would have been necessarily 
rejected, and the work to date far less complete than it actually 
is. It is considered desirable, as it is, to supplement this work 
by still more extensive determinations after these difficulties 
have been—as they undoubtedly will be, after a time—more 
completely overcome.* Enough can now be presented, however, 
to give a good idea of the promise and potentialities of such 
pressures as were dealt with. 

The steam gauge was made by Schaeffer and Budenberg, 
graduated to 1,000 pounds by comparison with a mercury col- 


umn, and standardized by Messrs. Hall and Treat on the Emery 
testing-machine of the laboratory. 


*A new Worthington pump made for this particular work is now giving 
entire satisfaction. 
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The first test was made with a boiler pressure of 400 pounds, 

the boiler having been previously tested up to above 1,000 
- pounds under cold-water pressure. 

The result was, with the development of 12.4 I. H. P., a con- 
sumption of 149 pounds of steam per hour, 12 pounds per I. H. P. 
The friction of the engine proved to amount to 13.7 per cent., 
and the steam, per D. H. P., measured 13.9 pounds per H. P. 
per hour. The gauge was retested by comparison with a 
Crosby “square-inch” test-gauge. This calibration checked 
to substantial identity with that previously made. The 
Crosby gauges on the receivers were similarly tested and found 
satisfactorily accurate. The vacuum gauge, an S. and B. instru- 


Fig. 82. 


ist. Cylinder 


2nd. Cylinder 


Fie. 88. 


ment, was tested by comparison with a standard formed by a 
‘pure-mercury column. Such checks were secured at intervals 
throughout the series of trials, and corrections were introduced 
wherever errors were measurable. 

A second trial was made at pressures ranging up to 500 
pounds, and the engine developed 14.34 I. H. P., with a consump- 
tion of 9.67 pounds of steam per H. P. per hour. The D. H. P. 
measured 12.7, and the steam per D. H. P. 10.9 per H. P. per 
hour. The engine, smoothed up by working, had reduced its 
friction to 11 per cent. 

A third trial at 300 pounds pressure gave 11.26 I. H. P. on 
10.8 pounds of sensibly wet steam. 

A fourth trial nearly duplicated the results of the first, 
though with only 300 pounds steam pressure. The I. H. P. 
measured 11.9, demanding 12.35 pounds of steam per H. P. per 
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hour. The brake power measured 10.55 on 13.95 pounds of 
steam per H. P. per hour; friction proving, in this case, to 
amount to 11.34 per cent. 

A fifth trial, at 400 pounds pressure by gauge, gave 15.66 
I. H. P., consuming 9.75 pounds of dry steam per H. P. per 
hour. The D. H. P. measured 13.2 on 11.9 pounds of fluid per 
H. P. per hour. 

A sixth trial, with steam at 400 pounds pressure, delivering 
a mean of 14.5 I. H. P., gave a mean of 9.79 pounds of steam per 
H. P. per hour. The brake power measured 12.55 at 11.76 


BoILeR, BRAKE AND VALVE GEAR FOR SIBLEY COLLEGE QUADRUPLE EXPANSION ENGINE 
American Bank Note Co.,N.X. ry 


Fre, 84. 


pounds per H. P. per hour. The friction amounted to 13.4 per 
cent. 

The seventh trial resulted in disaster, after a short time, 
through the usual troubles with the feed apparatus; but the 
pressure was carried up to 550 pounds at the start, falling ulti- 
mately to 400. The mean power measured 15.7 on the indicator 
diagram, and 14.2 by brake, consuming, respectively, 11.77 and 
13 pounds of steam per H. P. per hour, the friction loss drop- 
ping to 9.57 per cent., presumably with unusually successful 
lubrication. 

The eighth and ninth trials were similarly interrupted ; but 
the fragments of the log, giving figures capable of safe computa- 
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tion, resulted in showing, for a single half-hour, 16.95 I. H. P. on 
10.75 pounds of steam per hour per H. P., and for a second part, 
16.8 I. H. P. on 11.1 pounds. The friction measured 10.8 per 
cent. 

The tenth series of measurements, occupying three hours, and 
taking observations for two and a half hours, with steam held 
very smoothly at 300 pounds pressure, averaged 11.07 I. H. P. 
at 9.65 pounds of steam supplied per H. P. per hour. The fric- 
tion amounted to just 10 per cent. 

The eleventh and twelfth sets of observations, the runs being 
good but very short—an hour and a half and one hour respect- 
ively—averaged 11.6 I. H. P. on 14.34 pounds of wet steam. 
The friction rose, in these cases, to 12.8 per cent. 

Trials eleventh to thirteenth, inclusive—making, together, a 
three and a half hour run—averaged, at 300 pounds pressure, 
8.07 I. H. P. and 6.87 D. H. P., 14.9 per cent. friction, for No. 11. 
The figures became 8.55 and 7.19 for No. 12, and 9.53 and 8.8 
for No. 13. The steam consumption ranged from 12 pounds in 
the latter to 18.75 in the first of this series of three sets of 
observations, as referred to the indicated power. 

The fourteenth trial was made at 200 pounds steam, produc- 
ing 5.02 I. H. P., 3.75 D. H. P.; the steam measured 17.3 per 
I. H. P., and the friction became 25.3 per cent. 

The fifteenth trial repeated the last in respect to steam pres- 
sure, and averaged, for three hours, 5.91 I. H. P. on 14.7 pounds 
steam per H. P per hour. 

The sixteenth trial was a short one, but at 500 pounds pres- 
sure. The average for one hour of smooth running gave 16.08 
D.H. P. at 10.54 pounds of steam consumed per H. P. per hour. 
The indicated power measured 17.2, and the engine demanded 
9.75 pounds of steam per H. P. per hour. The friction fell, at 
this comparatively high power, to 6.5 per cent. 

The seventeenth trial was made with but 125 to 140 pounds 
pressure, and gave an average of 5.42 I. H. P. on 12.64 pounds 
steam per H. P. per hour. The brake power measured 3.76, and 
the steam 18.19 pounds, wet from the boiler, equivalent to 17.72 
pounds dry. 

The preceding trials of the engine were, as is obvious from 
the record, quite as much a set of experiments looking toward 
the removal of existing difficulties in the use of high-pres- 
sure steam as to the determination of the economical value of 
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such steam pressures. The unending increase in the difficulty 
of satisfactorily designing for such pressures, and of operating 
with them, has been appreciated most thoroughly, probably, by 
the boiler manufacturers, who have been called upon during 
the last generation to supply steam boilers for steadily rising 
pressures, ranging from 25 pounds in marine practice, in the 
middle of the century, to 200 and 250 pounds to-day. In the 
present case, however, no trouble was found in the construc- 
tion or operation of the boiler itself, but mainly with the feed- 
water supply and the water-level indication. No doubt is felt of 
being ultimately able to overcome these difficulties thoroughly, 
and it is anticipated that we may, after a short time, perhaps, 
be given more extended and more complete collections of data 
for 500 pounds pressure, or even more. 

The whole series of tests which have been now described 
were carried on by the designers of the engine and boiler em- 
ployed, and they were afforded every assistance that the college 
could furnish. Their work was reviewed by Mr. Preston and 
other members of the college faculty; all recognize both 
its value and its still incomplete range and detail and its unfin- 
ished condition. 

The eighteenth trial was made after the engine had been 
formally conveyed to the college for use as an experimental 
engine by its builders, and in the course of advanced laboratory 
work. The observers were Messrs. J. H. Mitchell and N. S. 
Reeder, whose experience and special skill were deemed particu- 
larly excellent in this field. They were aided by Mr. Eldredge, 
a member of the college faculty and on the staff of the Depart- 
ment of Experimental Engineering, a member of the A. S. M.E. 
The methods were substantially the same as those already 
described and commonly employed in regular laboratory work. 
The usual delays from newly discovered difficulties delayed the 
work from time to time ; but the results in the tables presently 
to be given were finally obtained with satisfactory accuracy. The 
tables and calorimetric measurements were worked up by the 
method of Hirn, and results computed for one of the most satis- 
factory tests by the designers of the engine as well as for this 
last experiment. These figures, although not at maximum pres- 
sure, will be interesting and valuable as showing the. general 
distribution of heat and of mechanical energy throughout the 
series of steam cylinders. The second of this pair of trials shows 
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a lower degree of reheating and a much less satisfactory vacuum 
than the first, and their comparison affords some clue to the 
value of reheating with multiple-cylinder engines. Difficulty 
in the last experiments was mainly found to be that coming of 
a waste of steam through the independent feed-pump which it 
was endeavored to use, and the pressure was only held up by 
throttling. 

The combined diagram for this case is presented in the in- 
serted plate, Fig. 85, and in succeeding figures, as worked out by 
careful measurement of the diagrams and comparison with the 
saturation curve for the weight of steam inclosed in the cylinder 
at cut-off. This process has been fully described in earlier vol- 
umes of the T’ransactions of the A. S. M. E., by Professor Car- 
penter and the writer, and fully illustrated, as, for example, in 
the case of the Milwaukee pumping engine.* The saturation 
curve shown in the combined diagrams is that of a weight of 
dry and saturated steam equal to that worked in the engine in 
each cycle and without becoming either wet or superheated. 
The comparison with this of the abscissas of the engine diagram 
as obtained with the indicator, thus gives a measure of the va- 
riation in volume produced by either partial condensation or by 
superheating, and thus a correct determination is made of the 
quality of the steam at every instant in its progress through the 
engine. 

In the high-pressure engine, the steam, wet at entrance into 
the high-pressure cylinder, becomes steadily drier as expansion 
progresses, until, at the opening of the exhaust, it approximates 
dryness, becoming dry and saturated at about three-fourths 
stroke in the first intermediate cylinder, wet throughout the 
stroke of the second intermediate, and so continues through 
the low-pressure cylinder and up to final exhaust into the con- 
denser. This case, it will seem, is comparable with the work of 
the Perkins steamer Anthracite. The results attained, how- 
ever, are considerably better, notwithstanding the fact that this 
engine is but of about ten per cent. the power of that machine. 

The Calorimetric Analysis of this engine presents many points 
of interest, and may prove suggestive as well as instructive. 
The following table, although not that exhibiting the highest 
efficiencies or at full pressure, is especially well worked up, and 


* 7rans. A. S. M. E., 1898, vol. xv., p. 8318; ‘“‘The High-Pressure Multiple- 
Expansion Engine,” R. H. Thurston. 
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is therefore given as developed in regular work in the Sibley 
College laboratories. The work was done under the supervision 
and direction of the officers of the college. The accompanying 
tables present the data and results of this experimental investi- 
gation in the form customary in these laboratories, which is, 
perhaps, at once as concise and as full as, on the whole, is 
desirable. 

The ideal Rankine cycle would demand about 8,100 B. T. U. 
per I. H. P. per hour, and at 1,100 B. T. U. supplied per pound 
by the combustible, the weight of fluid worked would be 7.36, or, 
in the Carnot system, about seven pounds per I. H. P. per 
hour. The best actual performance indicated a waste of above 
one-third ; and the fuel and steam consumption, as well as the 
quantity of heat demanded, exceeded the ideal figures by 38 
per cent.—amounting to 9.27 pounds of steam in the dry and 
saturated condition, and to 225 B. T. U. per minute per I. H. P. 
The mechanical efficiency of the engine was excellent for so 
small a machine—86.88 per cent., at 11 horse-power. The ratio 
of expansion was probably too large, for best effect at this 
pressure, by at least twenty-five per cent. It is, perhaps, even 
too great for 500 pounds pressure. 
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HEAT ANALYsSIS.—May 12, 1896. 


ist Cylinder. 


2d Cylinder. 8d Cylinder. | 4th Cylinder. 


Heat supplied............ 154,885 153,078 150,755 148,416 
5,477 7,831 6,925 6,830 
discharged........ 132,056 144,790 142,611 140,446 


Per cent, heat utilized... . 


Per cent. of heat supplied by boiler...................... 


The Actual and Computed Results of operation of this engine, . 
comparing the ideal case with the real engine performance as 
revealed by the various tests which have been up to its date 
made under more or less favorable conditions, are shown in the 
accompanying set of diagrams, Fig. 86. The curve 4 shows the 
computed efficiencies of the representative ideal case, as 
measured in pounds of feed-water per H. P. per hour, and, 
approximately, in thousands of B. T. U.; the Rankine cycle 
being assumed, and the feed-water being assumed, in the latter 
case, to include the jacket-water of the usual, jacketed engine. 
The figures range from about 6} at 500 pounds boiler pressure, 
to 7 at 300 pounds, to 8 at 150 pounds, and to 9 at 100 pounds. 
The actual performance, as shown on curve J, is irregular, 
varying somewhat with the action of the boiler and the effec- 
tiveness of the reheaters. With most effective boiler operation 
and reheating the very best work is accomplished, in the trials 
illustrated, between 800 and 400 pounds pressure. From the 
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former figure up to 500, the figures for cost in heat and in fuel, 
as above, range between 93 and 10, falling to 123 at 150 pounds 
—a pressure, however, for which the engine is not well propor- 
tioned. As the reheating becomes less effective the efficiency 
falls off, until, with reheaters out of use entirely, the curve ( is 
obtained, and the smooth curvature of the line shows the true 
law of gain with increasing pressures. The figures measuring 
economy here range from 134 at 500 down to 14 at 400, to 15 
at 325, to 16 at 250, and to 173 at 200 pounds pressure. 


500 


\ 
& A B 
\o 
\ \ \ nsumption| not using 
e\ \ | \o Rehqaters | 
ICA | 
150 N Consumption using Reheaters 
At different temperatures 
N\ Probable|Consumption for large Engin 
IN | 
Feed-water temperature) = 40° 
Ideal Cons: mption 


1284858 67% 8 
Thousands of B.T.U. and pounds of Steam per H.P. per Hour 
Fic. 86.— EFFICIENCY CURVES, IDEAL AND ACTUAL. 
American Bank Note Co.,N.Y. 


In that portion of the scale in C, for which the engine is best 
proportioned, the consumption of steam in pounds, or of heat in 
thousands of heat-units, is measured, with a fair degree of 
accuracy, by the expression 


dog p,’ 


the value of a being taken at 30. For the case in which reheat- 
ing was more or less effective, line 2, the value of a becomes 
more nearly 25, rising at times, with inefficient action of the 
reheaters, to 30; while, on the line A, the coefficient becomes 
a= 18. Throwing out the reheaters, the efficiency becomes 
about one-half that of the ideal case at the higher pressures, 
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and with these accessories effectively drying the steam between 
the cylinders, the performance of the actual becomes about 
0.6 that of the ideal. 

- But we cannot deduce with precision the probable gain to be 
secured by the employment of high pressures in large engines 
from these curves. We may, nevertheless, obtain some idea 
of what is to be expected by simply considering what effect the 
enlargement of the machine and its increased power concentra- 
tion, upon the major waste of the engine, upon initial condensa- 
tion. Both experience and direct experiment throw some light 
upon this question, although we have not yet obtained from 
either source a rational basis for computations. 

The group of curves which we have constructed, with its 
theoretical, purely thermodynamic line on the one limit of our 
group, and the curve of minimum actual efficiency on the other 
side, by their parallelism, enable us to set in any other curves 
that we may desire, substantially correctly, as to form, at least; 
and we may readily locate them for prescribed conditions once 
we can ascertain the amount of internal thermal waste. 

Such an engine designed to use steam of 500 pounds pressure 
might be expected to give the horse-power on 8 pounds of steam 
per hour and per horse-power; or, assuming each pound to 
correspond to a consumption of 1,000 B. T. U. supplied from 
the boilers, on 8,000 B. T. U. per horse-power per hour. The 
expression above given, the coefficient being thus applied, 
would read, as on line F (Fig. 86), 


w= 

log 

The values of w would. thus become substantially as below. 
MAXIMUM EFFICIENCIES. 


p 100 200 300 400 500 1,000 
w 2 tll 96 £92 °&88 8 


The fact is, as will be admitted by every one familiar with the 
performance of engines in this respect, that the construction of 
this engine on a scale favorable to economical performance, in- 
creasing the size of its cylinders from 2.34 +4+7 + 10x 45 
inches to, we will say, as with the Milwaukee engine, from 24 
inches in the high-pressure to 74 inches in the low-pressure 
cylinder, should reduce the cylinder condensation from the 50 
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per cent. of our experiments to more nearly 10 per cent., and 
make the cost of power, in B. T. U. and in steam, 


20,000 20 


log p,’ 


B. U.= 
Og 


nearly. 

This would give from less than 7 pounds of steam, 6,667 B. T. 
U., at the highest pressure above stated, to figures 25 per cent. 
higher at the lower pressures ; the use of quadruple expansion, 
or equally effective superheating, being here understood. 

Where, also, as here, we have the limiting boundaries of the 
range, the interpolation of intermediate curves of any quality 
is a comparatively easy matter. 

The curve D is inserted as representative of the case in 
which, as in a large engine, we may safely assume the reduction 
of the internal wastes by from over one-half the total steam 
supply, as in curve C, to about forty per cent., as in moderately 
large mill engines, without preliminary superheating or inter- 
mediate reheating. In curve D, perhaps, we have about a fair 
minimum probable efficiency, and the cost of power becomes 
not far from 11 pounds of steam per H. P. per hour at the 
higher pressures, rising to 15 pounds at the lower limit of our 
range. 

Curve /’ shows what might be accomplished by good manage- 
ment and effective use of reheaters, could the standard for the 
small engine be held at its best, as actually obtained in particu- 
larly favorable tests. Costs of power range from 8} to 12 
pounds between 500 and 150 pounds pressure. Assuming that 
large engines—perhaps of 230 to 500 H. P. or more—may safely 
be anticipated to reduce internal wastes to one-half those of 
the latter, and under equally favorable conditions in all other 
respects, reheaters and separation giving dry steam at each 
transfer of the fluid to a succeeding cylinder in the series, we 
obtain the curve F, as, in such case, representative of the 
efficiency of large engines at high pressures. The wastes are 
here substantially those of the Milwaukee pumping engine, 
which has so long held the record of efficiency, employing 
saturated steam and for 125 pounds pressure. 

This latter curve, F, representing the probably best work 
attainable with the best form of engine of to-day, working 
up to 500 pounds pressure, may perhaps be taken as the repre- 
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sentative of the limit of practical advance at present, with 
saturated steam and such provisions for minimizing wastes as 
are now customarily employed. Assuming this to be the fact, 
we find that we cannot expect to reduce expenditure to a lower 
figure than about 8 pounds of feed-water per I. H. P. per 
hour, about 8,000 B. T. U., the feed-water being supplied at such 
temperatures as will make the net heat-supply 1,000 B. T. U. 
per pound of steam made. 

Effective superheating, annulling initial condensation, judg- 
ing from experience, should improve this ultimate figure for 
saturated steam by, as a maximum, not above one-eighth; and 
7,000 B. T. U., or 7 pounds of steam, may, on this basis, be 
taken as the limit of probable advance. The temperature of 
steam of this pressure is about 550 degrees Fahr., and super- 
heating, it is thought, cannot be carried far beyond that point 
in the existing steam engine. 

Change of cycle is the next most promising direction of gain, 
apparently. By the adoption of the Carnot cycle it is possible 
to increase the efficiency of the engine about twenty per cent. 
_ above that of the common approximate Rankine form of cycle. 


’ This may not be at all impossible, and a number of methods of 
attaining this result may yet be found. Assuming it to be found 
practicable, and the gain due this change secured, the ideal line 
for the Rankine cycle, line A, on the diagram, would be reached 
and the cost in pounds of feed-water and in thousands of 
B. T. U. would be 


w = 18/ log p, 


ranging from the equivalent of 6 pounds saturated steam at 
1,000 pounds pressure, down to 9 pounds at 100 pounds, from 
6,000 to 9,000 B. T. U. ; efficiency rising to 30 per cent. at the 
lower and 40 per cent. at the upper limit of pressure. 

The above are the deductions coming of this study of the 
outlook for improvement by use of high-pressure steam at 
the limits which seem likely to be approximated in the near 
future, and on the assumption that our engines will be no better 
adapted to such work than are the best engines of to-day to 
their narrower range of thermodynamic operation. Beyond, 
there still lies at least one direction of further gain by reduc- 
tion of wastes, and one of advance by increase of the proportion 
of heat transformed thermodynamically. The former resource 
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is the now familiar scheme of finding a non-conducting cylinder 
wall; the other is the employment of steam-gas, and probably 
in some such manner as was attempted by Sir William Siemens. 
The first of these expedients will convert the engine into a 
purely thermodynamic machine ; the latter will raise its ther- 
modynamic efficiency to the Carnot limit, and to a numerical 
value determined, finally, by the maximum practically available 
temperature. Should these changes prove ultimately practi- 
cable, this generation need not anticipate witnessing the dis- 
placement of the steam engine by any other form of heat motor. 
It will combine, better than can any other now known, the 
maximum of combined thermal and dynamic efficiency. 

SUMMARIZING THE CasE, we may state the following as our 
conclusions from what has preceded relating to the “ promise 
and potency of high-pressure steam” within the limits here 
examined : 

(1) With equally excellent design, construction, and manage- 
ment, we may expect the efficiency of the steam engine, with 
increasing pressures, to increase nearly as the logarithm of the 
boiler pressure. 


(2) We may hope to secure, at the vere pressures yet pro- | 


posed, substantially as close an approximation to the efficiency 
of the ideal engine as at those pressures which now give our 
best records, probably seventy per cent. of the efficiency of the 
cycle adopted, considered as an ideal, thermodynamic cycle. 

(3) That gain in economy, by increasing pressures simply, 
must be expected to be slow and to steadily decrease in rate of 
gain as pressures rise, making the practicable, commercial 
limit a pressure comparatively low. 

(4) That, assuming 1,000 pounds pressure safely and readily 
attainable, we cannot expect to reduce the demand for heat and 
steam below 6,000 B. T. U. per I. H. P. per hour, and about 
6 pounds of steam; the probable figures being at least 20 per 
cent. higher, even with feed heated as assumed. 

(5) At 500 pounds pressure, a steam consumption of 10 pounds 
and less has been attained under circumstances indicating that 
on a large scale the steam engine should, under similar thermal 
conditions, reduce this figure very considerably. 

(6) The direction in which to seek for gain are the reduction 
of internal wastes and the production of a superheated-steam 
engine. 


: 
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DISCUSSION. 


Mr. Joseph E. Johnson, Jr.—I would like to know how those 
tests with a varying clearance were made—if they were made 
simply by recessing at the head ; then the surface did not increase 
in proportion to the clearance. It seems to me that in most 
engines built to-day the increase of surface with great clearance 
is more important than the increase of the clearance itself. I 
would like to ask also if the water from the re-heaters in the 
quadruple-expansion engine was reévaporated by boiler steam, 
and, if so, whether the steam so condensed was considered in the 
economy of the engine. 

Mr. Francis H. Boyer.—In reference to the question of glass 
gauges for such high pressures, I have had considerable experi- 
ence with gauges of that character and even have had occasion to 
use glass gauges to resist from 400 to 600 pounds per square inch. 
The gauges that we use are long. It is not a very infrequent thing 
to run for days with pressures of 200 to 250 pounds. The glass 
tubes are long, the opening through them not over one-eighth of 
an inch in diameter and with about three-eighths of an inch thick- 
ness of glass; encasing in iron or brass tubes with a slot on the 
side. 

Mr. John E. Sweet.—Was it steam you were using ! 

Mr. Boyer.—No ; it was ammonia. 

Mr. Sweet.—Doesn’t that make a difference ? 

Mr. Boyer.—I should suppose that it would not. These tubes 
are annealed ten or twelve times. Ihave seen some very danger- 
ous results caused by breaking glasses. I had one of my men cut 
with a terrible gash by flying glass from gauges of a steam boiler. 
But I have glass tubes now that I have had in use under such 
conditions for four years. When they do break, they go in thou- 
sands of pieces. 

Professor Thurston.—The clearance experiments were made by 
fitting in the place of the back head of the engine another special 
form of head which was, in effect, a chamber bored out and fitted 
with a piston, which piston could be set so as to close the clear- 
ance space. That piston was set up against the piston of the 
engine, allowing only just clearance enough to be safe. An 
engine trial was thus conducted with as little clearance as we 
could get. Then the adjustable piston was withdrawn to a cer- 
tain extent, until the next measure of clearance desired was ob- 
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tained between the piston and the head. Thus the adjustable 
piston was withdrawn gradually, until, finally, the space enclosed 
between it and the piston of the engine, including port-spaces, 
became above thirty per cent. of the volume displaced by the 
piston. 

I think it is perfectly true, as Mr. Johnson said, that the areas 
of surface acting are quite as important—more so, in some adjust- 
ments of the engine—as the actual volume of steam filling the 
clearance spaces. This investigation indicates what would be the 
effect of building an engine with enlarged clearance. We could 
not carry our experiments down to smaller clearances than here 
reported because our engine is built with comparatively large 
clearance. But the fact of getting a very smooth curve allowed 
us to carry the line down to the zero point. 

In regard to the measurement of the steam from the heaters— 
we have not been able to do that satisfactorily, and little is to be 
said about that yet. We hope, in time, to be able to make such an 
investigation as will enable us to say where every thermal unit of 
heat goes from the time that it leaves the fuel-bed until it finds 
its way out to the stack on the one side or through the engine on 
the other. ‘ 

These data must be taken as the outcome of first and tentative 
efforts to secure what can only be at present a rough approxima- 
tion to the possible efficiencies of high-pressure steam; and what 
they may be can be realized from the fact that, with the largest 
consumption of steam that we have been able to observe, even 
without re-heaters in use, the steam consumption, at 500 pounds 
pressure in this case, is only about 13 pounds per horse-power per 


hour. If we magnify the scale of this engine, which is only of 
20 horse-power, up to that of the Milwaukee engine, to 500 or 


700 horse-power, as we can readily see, the wastes are likely to 
be reduced in enormous proportion, and from that fact we may 
get some idea, at any rate, of the probabilities of the gain to be 
anticipated by the use of such high pressures. I should judge, 
from what we have learned so far, that we ought to be able to 
discount the action of the Milwaukee engine and of Mr. Leavitt’s 
later engine, now just reported on, from twenty to twenty-five 
per cent. In other words, it would probably come down to within 
twenty-five per cent. of the performance, as indicated by com- 
putation, of the ideal case. 
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A METHOD OF DETERMINING SELLING PRICE. 


BY H. M. LANE, CINCINNATI, 0. 
(Member of the Society.) 


In business it is necessary that both ends meet, and desirable 
that they overlap. To accomplish this, receipts or value pro- 
duced must exceed expenditure. 

It is customary to transact business for a year, and then 
ascertain the result from the records, at a time when it is too 
late to apply remedies which would affect the result of that 
year. A ship bound from New York to Southampton has her 
course predetermined, and from daily observations her actual 
position is compared with her previously determined course, 
and the alteration necessary to bring her to her proper course 
is made at once. The captain does not sail for Southampton 
and wait until he arrives (somewhere) to learn by how much 
he has missed it. . 

It is the purpose of this paper to propose a method by which 
the conditions affecting the final result of a year’s business may 
be shown in a simple manner at the end of each month or week. 
It is in no sense a substitute for the usual bookkeeping and 
inventory, but an auxiljary for the convenience of the manager 
relating to organization and operation. An organization con- 
sisting of ten draughtsmen, ten pattern-makers, and the same 
number each of clerks and salesmen, and a total of ten distrib- 
-uted as foremen, engineers, fireman, driver, sweeper, etc., with 
ten producing machinists, would at once be pronounced ridicu- 
lous. If fifty non-producers to ten producers is ridiculous, 
where does the ratio cease to be ridiculous—where does it 
become possibly profitable ? 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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A concern with records covering many years may proceed 
confidently, giving no anxious thought to the outcome, provided 
the conditions do not change. A manufacturer of machine tools 
was recently questioned as to his method of ascertaining cost, 
and as to his knowledge of the correctness of his method. By 
way of reply he pointed out from his office door, a row of houses 
to which he is adding a number each year. In case of such 
results, methods may be ignored. There are in these close 
times concerns of which it is true that twenty-five years ago a 
difference of ten per cent. in the result of a year’s business 
would have been a profit of twenty-five instead of thirty-five per 
cént., while now a difference of ten per cent. would probably 
mean a profit of five or a loss of five. 

Much has been written about the cost of manufactured arti- 
cles. The net cost, as usually ascertained, is of interest only as 
being one of the elements necessary for fixing a selling price or 
of placing an inventory value on the article produced. Inquiry 
of machine manufacturers as to their method of ascertaining 
cost or selling price, is often answered by, “ Well, on a basis of, 
say, $300,000 sales per year, etc.” Now, sales have nothing to 
do with the problem, further than that the product of a factory 
must be converted into money as a more convenient medium of 
exchange. A manufacturer of cotton cloth producing 1,000 yards 
. per day, paying for labor with 400 yards, for material and supplies 
300 yards, for rent, insurance, taxes, and all other expenses 200 
yards, would have 100 yards remaining as profit. With a prod- 
uct of 1,000 yards per day there is a profit. Had the product 
been 900 yards there would have been no profit, and with a 
product of 800 yards there would be a loss, so that it is a 
question of product and not of sales. The product must be 
sold. 

Other manufacturers answer: “ We find that adding six per 
cent. to the value of material and merchandise used, and'charging 
forty cents per hour for all day labor, will cover general expense 
and leave us a fair margin.” ‘This is simple and satisfactory 
until conditions change—the number of producer hours per year, 
for instance, or the introduction of a new machine which will 
do the work of two old ones, and displace them, and dispense 
with one man; then the difference between the hourly sum paid 
this one workman and the forty cents formerly charged is not 
available for meeting general expense. A careful study of this 
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point will show that unless readjustments are made as labor- 
saving tools and methods are adopted, there may be a defi- 
ciency due to an hitherto unsuspected cause. 

It is the purpose here to show what the volume of product 
must be, and what value must be placed upon it unsold, 
or what selling price when sold, in order to make both ends 


meet and to overlap for a given organization and general 


expense. 

First, an annual estimate or prospectus, Table I., for the suc- 
ceeding year, is prepared, based upon experience and judgment. 
In this case the capital invested in the business is assumed to 
be $100,000, and the annual pay-roll to be $50,000, equally 
divided between producers and non-producers ; and, to avoid 
the discussion now being carried on editorially and by the cor- 
respondents of trade papers as to who are producers and who 
non-producers, it must be clearly understood that all those 
whose time can be directly ascertained and charged against 
some specific order or article produced for sale are classed 
as producers, and all others as non-producers, and in case of 
doubt safety lies in erring on the side of classing an indi- 
vidual as a non-producer rather than a producer. The column, 
Estimated Expenditure, Table I, requires no explanation. It 
shows in this assumed case that for the conduct of the busi- 
ness for the succeeding year $156,000 must be secured. The 
question then arises, from what sources is this sum to be 
derived ? 

In the column, estimated receipts, adjoining, (a) Fixed in- 
come $600, this being the sum derived from rental of a portion 
of the factory buildings, intePest on bonds or returns from 
investments. 

(b) Interest $400 is the estimated sum to be derived from 
notes given for deferred payments, overdue accounts, ete. 

(c) It is assumed that in case of a machine-shop with tools 
varying greatly in size, value, floor space occupied, and power 
required, that there should be a separation of the charge for the 
workman and for the tool. The hourly charge for a man at twenty- 
five cents working on a $5,000 horizontal boring-mill should not 
be the same as for the same priced man working on a $300 lathe. 
Separating tool time from workman’s time, it is estimated that 
the tools would yield a plant charge of $5,000. 

(d) Material and merchandise are estimated at $75,000. This 
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item is the same as in the column of estimated expendi- 
tures, to which is added, say, twenty per cent. (c), which yields 
$15,000. 

(f) Producers’ wages is the estimated amount to be derived 
by charging producers’ actual time at their actual rate against the 
product. The sum of all these estimated receipts is $121,000, 
‘while the sum of the estimated expenditures is $156,000, which 
would show a deficit of $35,000 on the year’s business. Now 
from what source is it possible to secure this $35,000? Clearly 
from a percentage added to producer’s wages. In this case 
producers’ wages are $25,000, and in order to derive therefrom 
the $35,000, to make good the deficit, 140 per cent. must be 
added. We have now a sure method of determining the neces- 
sary selling price when the actual cost of material and merchan- 
dise, the number of hours and rate per hour, and the tool hours 
and rate per hour are known; thus, material and merchandise 
plus 20 per cent., tool hours at their established rate, and labor 
plus 140 per cent. equal the selling price under the conditions 
assumed in the annual estimate. But, unfortunately, the business 
manager cannot sit at his desk in December and predict that 
his losses for the succeeding year will be $500, and his legal 
expenses $300 and contingent expenses $1,000, and that he will 
employ and get the benefit of the product of $25,000 expended 
in producers’ wages. It is this difficulty that the method now 
presented meets and overcomes by the use of the tabulated 
monthly statement, Table II. This is shown in monthly form, — 
but so little labor is involved that the manager may keep in 
closer touch with his business by using a weekly form. This 
sheet provides for bringing the actual receipts and expenditures 
together with the estimated, item by item and month by month, 
so that a glance will show if any item of expenditure is actually 
overrunning the estimated, and if any item of receipts is under- 
running the estimated, and show it in time for correction. It 
will also show for any month if the total actual receipts or 
expenditures vary from the estimated, and which way and how 
much. This is desirable, for one item may exceed the esti- 
mated and be compensated by another, so that the total shall 
be unaffected. This table is prepared and used as follows: The 
items—Estimated Receipts and Expenditures, Sheet I.—are 
divided by twelve, and one-twelfth of each item entered in the 
column, Month Ending January 31st, and on its properly des- 
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ignated horizontal line; under February two-twelfths, March 
- three-twelfths, etc., the amounts being cumulative until at the 
end of the year or under December they amount to the sum 
shown in the annual estimate. These spaces may be all filled 
out as shown for the last half of the year—Table IT. 

It will be noticed that in the two horizontal lines of totals 
(receipts and expenditures), Table II., the estimated amounts 
are always equal. They must be if both ends are to meet. At 
the end of the first month of the new year actual figures are 
available and are filled in the proper spaces, and the items and 
totals for the year, as far as it has gone, are directly comparable 
with the corresponding estimates ; and right here the manager 
has a chance to earn his salary by managing. This method 
gives him eleven more chances and eleven months’ time for 
remedies. 

Answering the proper objection, that selling prices are not 
made by ascertaining the value of material and labor and adding 
a percentage, but by competition, it is nevertheless true that 
unless the value of material and labor will admit of the addition 
of the percentages proved to be necessary by the annual esti- 
mate, without making the selling price so high as to keep the 
goods out of the market, then the end of the year will show a 
deficit. When it is found that a selling price arrived at by this 
method is too high, the obvious remedy is to reduce the amount 
(not necessarily the rate) paid for labor or material until they 
will bear the addition of the necessary percentage without 
throwing the article out of the market. It is clear that, other 
things being equal, twice the producing force will require but 
one-half of the percentage to be added. It is also clear that a 
reduction in the total expenditure, or an increase in any items 
of receipts, will reduce the percentage necessary to be added. 
This gives the manager a definite method of making readjust- 
ments, as he obtains results of actual business as the year 
advances. In this method one assumption is necessary, but it 
is a fair one, viz., that the employment of a certain number of 
dollars’ worth of productive labor produces a corresponding 
value of product plus the percentage shown to be necessary by 
the estimate. The manager must secure this result. In other 
words, every dollar paid to producers plus the required percent- 
age must be charged to the product (this together with the plant 


charge and material plus its percentage), must be the real value 
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of the product, sold or unsold, 
to this end. 


and all things must be adjusted 


TABLE I. 


ANNUAL 


ESTIMATE. 


AssuME CaPpiTaL $100,000. 


Producers, $25,000. 
Annual Pay Roll ; Non-Producers, $25,000. 


REcEIPTs. 


| EstiMATED EXPENDITURES. 


d—Material and Mdse......... 75,000) 2,000 
e—20% to Material and Mdse... 15,000) Producers’ Wages.... ....... 25,000 
f—Producers’ Wages.......-. 25,000| Non-Producers’ Wages. ...... 25,000: 
————_Material and Mdse............ 75,000 
121,000 General Expense ...... 10,000 
g—140¢% to Producers Stable and 500 
Wages to Balance.... .. 35.000 Printing and Stationery....... 300 
|Freight and Express......... 500 
1,000 
Commissions..... 200 
Interest and Discounts. ....... 800 
200 
$156,000) $156,000 

DISCUSSION. 


Mr. W. S. Rogers.—There is 


a great deal of important matter 


in these few pages of deep concern to the manager’s private 
office. Everything in these columns is exactly what the manager 
and directors desire to know, but the article either does not go 
quite far enough or has gone too far. It does not touch the shop 


or manufacturing department. 


The method of reaching the 


deductions shown in the monthly balances has not been told, and 
consequently the engineer cutting down costs learns nothing of 
the details leading to this perfect array of costs in general. It is 


a nice thing for the manager to 


call the superintendent in on the 


carpet and inform him that, “ Last month we ran behind our esti- 
mates.” He is a whipped dog instantly. He knows and feels, 
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TRANSACTIONS AMERICAN SOCIETY OF MECHANICAL ENGINEERS. VoL. XVIII. H. M. Lang, 
TABLE II., SHEET II. 
= 5 < a } A 
( 833.33) 1,666.67} 2,500.00} 3,333.33] 4,166.67} 5,000.00, 5,883.33| 6,666.67, 7,500.00) 8,333.33) 9,166.67] 10,000.00 
Actual 833.33] 1,666.67; 2,500.00] 3,333.38] 4,166.67] 5,000.00 
41.66 83.33} 125.00] 166.66) 208.33] 250.00} 291.66) 388.33} 375.00) 416.66] 458.33} 500.00 
sses 
166.66} 383.33}  500.00| 666.66] 833.33) 1,000.00] 1,166.66] 1,833.33] 1,500.00] 1,666.66] 1,833.33] 2,000.00 
newais 
Actual 50.60} 175.80} 450.90] 730.60] 850.43) 1,083.70 
Estimated| 166.66}  338.33/ 500.00} 666.66]  833.33| 1,000.00] 1,166.66} 1,833.33] 1,500.00) 1,666.66] 1,833.33] 2,000.00 
Depreciation 
Actual 166.66] 333.88} 500.00] 666.66] 888.33, 1,000.00 
Estimated| 2,083.33] 4,166.67| 6,250.00| 8,338.33] 10,416.67| 12,500.00) 14,583.23] 16,666.67| 18,750.00] 20,833.33] 22,916.67] 25,000.00 
Producers’ Wages 
Actual | 2,187.68} 4,687.50) 6,448.90| 8,431.57] 11,032.21) 13,117.60 
Estimated] 2,083.33] 4,166.67} 6,250.00] 8,333.38] 10,416.67| 12,500.00] 14,583.33] 16,666.67] 18,750.00) 20,838.33| 22,916.67] 25,000.00 
Non.-Pro. Wages 
Actual | 2,075.61) 4,212.18] 6,328.00] 8,357.91| 10,961.13} 12,968.90 
6,250.00] 12,500.00) 18,750.00] 25,000.00] 31,250.00] 37,500.00] 43,750.00) 50,000.00) 56,250.00! 62,500.00) 68,750.00} 75,000.00 
teria! se. 
Actual | 6,111.98) 11,361.91] 17,321.20] 23,911.33] 30,671.80| 36,439.10 
Estimated| 833.33] 1,666.67| 2,500.00] 3,833.33] 4,166.67, 5,000.00 5,833.88) 6,666.67, 7,500.00] 8,383.33] 9,166.67] 10,000.00 
General Expense 
Actual 891.78] 1,741.30] 2,684.20] 3,486.20] 4,364.90] 5,236.20 
Estimated 41.66 83.38] 125.00} 166.66} 208.33} 250.00 291.66 3833.33] 375.00] 416.66] 458.33, 500.00 
Stable and Hauling 
Actual 42.30 85.40] 123.30] 160.84] 202.90] 281.92 
Printing and Ste- Estimated 25.00 50.00 75.00) 100.00} 125.00} 150.00} 175.00) 200.00} 225.00) 250.00] 275.00) 300.00 
Actual 23.90; 51.90/ 75.60] 96.30] 131.60} 148.40 
Freight and Ex- Estimated 41.66 88.33} 125.00] 166.66) 208.33) 250.00} 291.66, 333.33) 375.00} 416.66) 458.33] 500.00 
Actual 49.63]  96.49| 138.60] 155.91] 201.90] 241.60 
83.38! 166.67} 250.00 383.38] 416.67, 500.00} 588.33! 666.67; 750.00) 833.33) 916.67] 1,000.00 
Advertisin, 
Actual 88.33] 166.67} 250.00] 833.33] 416.67} 500.00 
§ [Estimated 16.67 33.34 50.00 66.67 83.84] 100.00] 116.67} 183.33) 150.00] 166.67; 188.38} 200.00 
Postage 
sea {| Actual 17.48 38.70 50.68 61.97 81.38 96.40 
Estimated 83.33) 166.67 250.00) 333.33] 416.67) 500.00] 583.38, 666.67; 750.00] 833.88]  916.67| 1,000.00 
Insurance 
Actual 83.33} 166.67} 250.00] 333.33 416.67/ 500.00 
Estimated| 16.67 33.34 50.00) 66.67 83.24) 100.00} 167.67} 133.38] 150.00} 166.67} 183.33, 200.00 
Commissions 
Actual 17.69 33.39 41.60 79.40 96.80} 125.60 
Estimated 66.67} 133.34] 200.00] 266.67] 388.84] 400.00] 466.67; 583.34) 600.00}  666.67| 733.33] 800.00 
counts Actual 78.30 74.601 278.30} 294.20! 397.21] 483.20 
Estimated 16.67 33.34 50.00 66.67’ 83.34] 100.00] 116.66; 188.34) 150.00) 166.67} 188.33} 200.00 
Charit; 
Actual 16.67 33.34 50.00 66.67 88.34 100.00 
— 25.00 50.00 75.00} 100.00} 125.00} 150.00} 175.00} 200.00} 225.00) 250.00) 275.00} 300.00 
Actual 25.00 50.00 75.00} 101.25] 181.25] 260.90 
Estimated 41.66 83.83] 125.00] 166.66] 208.33} 250.00) 291.66] 333.33} 375.00] 416.66) 458.33] 500.00 
ue. 
Actual 61.40 98.60] 148.80] 187.94) 210.93] 252.40 
Estimated 83.38] 166.67, 250.00) 383.33) 416.67, 500.00) 583.33) 666.67, 750.00} 883.83, 916.67) 1,000.00 
Contingent < 
(| Actual |..... ....]. oof 840.90] 841.67] 487.91 
Estimated| 13,000.00] 26,000.00] 39,000.00} 52,000.00] 65,000.00} 78,000.00] .00| 180,000.00] 143,000 156,000.00 
Total Expenditure 
Actual | 12,766.87] 23,628.60] 37,701.08] 51,229.54! 65,692.79] 78,378.83 
Actual | 13,655.73] 28,088.75] 37,846.76] 57,228.73] 72,904.71] 78,215.62 
Estimated| 13,000.00] 26,000.00]. 89,000.00} 52,000.00] 65,000.00] 78,000.00} 130,000.00) 143,000.00/156,000.00 
Actual | 3,072.02] 6,050.76] 8,590.79] 11,881.94] 15,185.67| 17,901.97 
Wages to Balance | 'Rstimated| 2,016.66] .5,833.34| 8,750.00] 11,606.66] 14,583.34] 17,500.00| 20,416.66] 23,388.34] 26,250.00| 20,166.66 32,088.34] 35,000.00 
| Actual | 2,194.80] 4,321.97} 6,136.28] 8,486.74| 10,846.91] 12,786.91 
Produces’ Wages 
Estimated| 2,083.33] 4,166.67] 6,250.00] 8,333.33] 10,416.67] 12,500.00| 14,583.33) 16,666.67} 18,750.00) 20,833.33) 22,916.67) 25,000.00 
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ctua, 187.94 210.93 252.40 
(|Estimated| 83.33}  166.67| 250.00] 388.83] 416.67] 500.00] 583.33} 666.67,  750.00| 833.33,  916.67| 1,000.00 
Contingent 
Estimated| 13,000.00] 26,000.00] 39,000.00] 52,000.00] 65,000.00] 78,000.00} 91,000.00] 104,000.00|117,000 .00/180,000.00| 14,000.00] 156,000.00 
Total Expenditure 
Actual | 12,766.87] 23,623.60| 37,701.08] 51,229.54] 65,692.79] 78,373.83 
Actual | 13,655.73] 28,088.75] 37,846.76) 57,228.73) 72,904.71] 78,215.62 
Total Receipts 
Estimated] 13,000.00} 26,000.00] 39,000.00] 52,000.00] 65,000.00] 78,000.00} 
$406 to: Actual | 3,072.02] 6,050.76] 8,590.79] 11,881.94] 15,185.67| 17,901.97 
Wages to Balance Estimated| 2,916.66] 5,833.34] 8,750.00} 11,666.66) 14,583.34] 17,500.00] 20,416.66] 23,338.34] 26,250.00) 29,166.66] 32,083.34) 35,000.00 
| Actual | 2,194.80] 4,321.97] 6,136.28) 8,486.74] 10,846.91] 12,786.91 . 
Producers’ Wages < | —___— 
Estimated] 2,083.33] 4,166.67| 6,250.00] 8,333.33] 10,416.67] 12,500.00] 14,583.33| 16,666.67| 18,750.00] 20,833.33] 22,916.67| 25,000.00 
| 20% to Material ‘Actual 1,318.92| 2,779.28 3,597.48| 5,792.28) 7,398.22| 7,792.29 
| Merchandise |Estimated| 1,250.00] 8,750 00] 5,000.00] 6,250.00] 7,500.00] 8,750.00| 10,000.00| 11,250.00| 12,500.00| 13.750.00| 15,000.00 
and Actual | 6,594.60] 13,896.40] 17,987.41} 28,961.40) 36,941.11] 38,961.46 
3 Merchandise Estimated] 6,250.00] 12,500.00] 18,750.00] 25,000.00} 31,250.00] 37,500.00} 43,750.00] 50,000.00] 56,250.00) 62,500.00] 68,750.00} 75,000.00 
| Actual 391.68} 861.94} 1,204.88] 1,796.23) 2,136.74] 278.39 
Plant Charge | 
\Estimated| 416.66] 833.34) 1,250.00] 1,666.66] 2,088.34] 2,500.00] 2,916.66] 3,383.34) 3,750.00] 4,166.66] 4683.34) 5,000.00 
Actual 34.21) 78.40 89.97] 110.14! 156.00] 194.60 
nteres 
Estimated 33.33 66.67} 100.00} 188.33}  166.67| 200.00; 288.83) 266.67; 383.83] 866.67; 400.00 
Actual | 50.00} 100.00) 150.00} 200.00, 250.00} 300.00 
Estimated 50.00} 100.00, 150.00) 200.00, 250.00} 300.00, 350.00} 400.00) 450.00, 500.00 00} 600.00 
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because it is now too late to even wonder where loss leaked away, 
and he goes out and gets even on the foremen (laughter), and the 
foremen get even again on the men (laughter), and all accounts 
are squared for the time being, but nobody has found the many 
little leaks which helped make the loss. The ideal system of fac- 
tory costs is one by which the superintendent can call his fore- 
man’s attention to the little leaks on the very day when they 
occur, and where he can know at six o’clock at night whether he 
earned a dollar for the company or lost one and the exact spot 
where it was lost, too, that he may regain it the next day. The 
mechanical engineer and superintendent to succeed in the present 
day must know as much concerning finance as he does about gear- 
ing and shop appliances or he is a failure. Some may think the 
ideal just mentioned is but a dream, but with us it is cold fact. I 
do not care whether our company lost a million dollars or a cent 
last year, but I want to know and do know whether I am behind 
or ahead of previous records of machine costs every day, and our 
president can have this information from my office at any hour he 
chooses to ask for it. The problem is easy, and is based on the 
rate per hour for actual producing labor employed in building each 
line of goods. If we are building a lot of six machines, we know 
that the previous lot was completed in 4,800 hours total labor at 
a rate of 1775 cents per hour. By new special tools we have 
shortened this time, and a limit is fixed for this lot of 4,000 hours 
on a basis of 16§ cents per hour. Every day this time is aver- 
aged, and should my cost clerk inform me that the costs per hour 
had varied from 163 cents to 16% cents per hour in two days the 
foreman is shown his leak at once and steps are taken to recover 
the lost values. The cost accounting plan which will discover the 
many little wasted minutes in producing time at the moment of 
occurrence is the true ideal, and the results given in this paper show 
it to be in the right direction. But we want more of the details 
by which they were gained. 

There is one item in this paper to which I desire to call your 
attention, as it illustrates how we always do things in Cincinnati. 
I would also like to ask you gentlemen who are now busy making 
up your estimate sheets for the coming year, did you ever give 
one single thought to the “charity column”? (Laughter and 
applause.) 
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DCCXII.* 


FRICTION HORSE-POWER IN FACTORIES. 


BY C. H. BENJAMIN, CLEVELAND, 0. 


Durine the winter of 1895-96 a series of experiments were 
made under the direction of the writer by Messrs. McAllister 
and Morley, of the Case School of Applied Science, to determine 
the ratio of the power required to drive shafting and belts in 
various factories in this city to the total power consumed. 

In the course of these investigations visits were made to 
sixteen different establishments, comprising rolling and stamp- 
ing mills, bridge works, general machine works, and screw 
factories. 

The general routine of the investigation in each shop was 
about as follows: 

Indicator cards were taken from the sii during the day, 
at intervals of about one hour, while the factory was in full 
operation. During the noon hour or after working hours at 
night cards were taken from the same engine when. it was 
driving line and counter shafts only, no machines being in 
operation. 

Averages of these two sets of cards were assumed to show 
respectively the total horse-power and the friction horse-power 
in that establishment. 

During the day the observers measured the lensthe, diame- 
ters, and speeds of rotation of the line shafts, estimated the 
number and lengths of bearings, and noted the method of oiling. 
They also counted the belts running from line shafts and esti- 
mated their widths and the average diameter of pulleys. 

The number of counter shafts was noted and the number and 
character of machines in operation. 

As far as possible an estimate was made of the actual num- 
ber of men at work with machines during the day. 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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These are the data which seemed to the writer most likely to 
be useful in determining the power consumed under various 
conditions, and while a great degree of accuracy in all the 
estimates was not practicable, the average results will be 
reasonably close to the truth. 

The tabular form is best adapted to comparisons of this 
nature, and the following tables are largely self-explanatory. 


‘ 


TABLE I. 


DaTa. 


o 
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° 
=) 
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a 
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eet. 


Nature of Work. 


Width of 
elts. 


t 
Shaft 
Shafts. 
Revolutions per 
Minute 
Number 
of Bearings. 
| 
Number 
of Counters. 
Number 
of Machines. 


Total Len 
| Number of Men. 


@ | Number of Belts. | o 


Wire Drawing and-:) 
Polishing. 

Steel Stamping and Pol- 

ishing 

Boiler and Machine 


200 


150 
110 


190 
180 150 
150 
135 135 
135 150 


114 
175 136 


150 
160 160 
125 


180 


175 160 
175 


co co 


Bridge Machinery 
Heavy Machine Work. 
Heavy Machine Work. 


om 


Light Machine Work. . 
Manufacture of Small 


CO 


Sewing Machines and 
Bicycles 


Sewing Machines...... 


‘ieee Machines and 
Screws. 


Steel Wood-Screws. .. 


woe 


Light Machine Work.. 


— | 
— 
No. | 
| 
| 1180 | 115MM 4 
2 | - 
580| mm | 68 6| 27 78 | 
Work .......... 580 46 ba) 47] 43) 152 
4 1460 | 79] 69, 80 
5 1120 4| 96} 68) 300 
6 1065 | 4 | 152| 128] 225 | 
7 748 101| 3 | 188] 250] 200 
| 
| 58] 885) 3 | 814| 313] 226 
9 | Manufacture of Small a 
900 | 102 217/ 8 | 202| 258) 100 
2490| | 274) 521) 8 | 454) 400 
1472 | 184] 484) 8 | 435 170 350 
12 | | | mm | 180) 436) 3 | 302) 428) 320 
| | 674 131) 4 | 89 140 
14 Manufacture of Steel 4 
200 | 187) 8 | 175| 184) 58 
15 | Planing Mill..........| 165 267 19} 45 40 53 8 
16 | 175 | 87 4s 4) 27) 80)... 
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Number. 


Total 
Horse-Power. 
Horse-Power to 
Drive Machines. 
Horse-Power to 
Drive Shafting. 
Per Cent. to 
Drive Shafting. 


Running at What 
Capacity. 


Average, light machine 


One-half. 
One-third. 
Two-thirds. 
Nearly full. 
Full. 

Full. 


Full. 
Full. 
Full. 
Full. 
Full. 
Full. 


One-fourth. 
Full. 

Full. 
One-balf. 


| | 
| TABLE II. 
| 1 | ° | | | 
| 8 | 
: | | 
| 248 157 | 39.2 
17 57 77 
| 48 64 
19.7 20.7 | 
74.3 34.3 40 53.8 | 
22.7 24.5 51.8 | 
82 108 56.9 | 
82.5 74 5 69.7 
100 17 14.5 
45.9 45.7 49.9 
10.6 28.6 73 
8.28 4.26 4.02 |. 48.6 
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TABLE III. 


FRICTION HoRSE-POWER. 


aw 
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er 100 
r 100 


haft 
. of 
g per 
H. P. per 
Counter, 
‘a 
Belting per 
minute 


eq. 

minute. 
of 


H. P. per 100 
ft. of shaft- 
fs 
ing 

H.P 
sh 
sq 


lbs. 0 


P. 


oo 


3 0 
om 


SESS 
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Average.) 11.92 | 466 | 1.10 | 2.19 2.08 | 
4.77 | .205 | .o4 |°.550 | | .477 .10 
137 | 104 | 1606 | -.521 | 
| | 
Average.| | .22 .044 | 567 | | 481 | 14 
| 276 | «2084 | 155 | «2095 | | 
‘400 | 109 | [689 | | .119 | .06 J 
238 | 108 | 1240 | [191 | .118 
at 430 | | (269 | «208-09 
184 | 1084 | 1406 | | (134 | 
© 381 | 05 | "633 | 1201 | 1235 | 
Average.| 4. .809 048 | .428 .189 154 .062 : 
109 | .02 178 | .191 | .180 | .04 
| 1035 | (615 | 1260 | .244 | 
729 | log | 1.52 715 | 1636 | | 
1388 | | "109 | | | .02 


FRICTION HORSE-POWER IN FACTORIES. 


TABLE IV. 


UsEFuL Horsre-POWER. 


1 2 


Useful H. P. per machine. Useful H. P. per man. 


.310 877 
.160 

B42 


EXPLANATIONS. 


Table I. gives simply the data on which were based the cal- 
culations with regard to each factory. In all the tables the 
establishments are arranged according to the character of the 
work done in each. 

Table II. shows how the horse-power was divided between the 
machinery and the shafting and belts. The figures in column 
3 include the power required to overcome the friction of the 
engine itself and that of all the shafting and counters, as in 
most cases it was impracticable to determine these separately. 

If a deduction of 10 be made from the percentages in column 
4 they would then show approximately the power required to 
drive shafting and counters alone. 

The percentage of power lost in overcoming friction depends 
more upon the arrangement of the shafting and machinery than 
upon the particular character of the work done, as may readily 
be seen from column 4. For instance, in the case of Works 
No. 4 there are two one-story buildings, covering considerable 
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| 
| 
| 
Average .... .380 
.790 .099 
| .109 
.881 .227 
.181 | .098 
.296 | .396 
Average .... .406 
| .256 | 717 
.792 
.200 | 1.826 
.142 
| 
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territory and containing machinery distributed at wide inter- 
vals. The power is transmitted from one shop to the other by 
a long shaft, and there are numerous transverse shafts driven 
by bevel gears. 

This would seem to be one of those cases where electrical 
transmission would be a good investment. 

A somewhat similar condition of things exists in Works No. 
3. The record of the shafting at Works No. 13 is remarkable, 
especially when it is noted that the works were running at only 
one-quarter their capacity. 

As the machinery is of the automatic type, very compactly 
arranged, the conditions are about the same as in several other 
shops visited ; but an inspection of the shafting shows that great 
care has been exercised in its construction and operation. It 
is in perfect alignment, runs in cast iron boxes without babbitt 
metal, and supported by unusually rigid hangers, while it is 
oiled by hand instead of by wick-oilers. 

Thai these conditions do not always obtain is shown by the 
remark made to the writer by the superintendent of one of the 
establishments visited, who said that he wished the test could 
be repeated, as after the first visit he had examined his line 
shafting and found that one length was about three inches out 
of line. 

In Table III. the friction horse-power alone is used, and is 
divided in different ways in the endeavor to determine on what 
factors it most depends. 

Columns 1 and 2 show a wide variation in different factories, 
since the work of friction is dependent on speed as much as on 
pressure. 

Column 3 is more uniform. In this case the friction horse- 
power was divided by the number of hundreds of square feet of 
shafting surface passing a given line in a minute, in much the 
same manner as the horse-power of belting is often calculated. 
With one or two exceptions the figures in this column are nearly 
the same throughout, the general average for heavy and light 
machinery being about .046 horse-power per hundred square 
feet. 

The horse-power per bearing as shown in column 4 is nearly 
as great for light machinery as for heavy, probably on account 
of the greater speed of the former. 

In columns 5 and 6 the friction horse-power per counter shaft 
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and per belt runs quite uniformly in the two classes of heavy 
and of light machinery, being about three times as much in the 
former case as in the latter. It seems to the writer that either 
of these would offer a convenient and reasonably accurate 
method of estimating the horse-power required to run shafting 
and belts in ordinary situations. 

The results in column 7 are more or less approximate, since 
the average size of the pulleys was rather roughly estimated ; 
but they are as uniform as could be expected. The heavier 
duty per square foot of belt in the four heavy machinery estab- 
lishments is partly due to the fact that the belts were thicker 
and required more power in bending. 

The results in Table IV. were worked out from the useful 
horse-power or that required to drive the machines alone, more 
as a matter of curiosity than with any expectation that they 
would be useful. 

The figures in column 1 are not nearly as uniform as those 
for shafting in Table ITI., since machines vary much more widely 
in construction than do line and counter shafts. In fact, it is 
not possible to give any average or state any rule which would be 
of value in special cases. The same may be said of the results 
in column 2, which show that any rule for estimating horse- 


power from the number of men employed would have a very 
narrow application. 


CONCLUSIONS. 


One would naturally inquire, after looking at the averages in 
Table IL., if it is necessary that from 55 to 65 per cent. of the 
power generated by the engine should be absorbed before the 
machines are reached. 

The isolated case of Works No. 13 weil seem to answer this 
question. 

One explanation of the large loss by friction in many shops is 
the fact that economizing in either quantity or quality of oil 
has at once a favorable effect on the bills, while the correspond- 
ing increase in coal and water consumption may be unnoticed 
or attributed to other causes. This is a case of saving at the 
spigot and wasting at the bung. 

Where the loss is due to a necessarily extended and compli- 
cated system of shafting, it would be wise to determine if electri- 
cal transmission of the power would not be cheaper in the end. 


i 
i 
Mf 
i 
ol 
i 
al 
7 
i 
‘ 
a 
i 
| 
| 
WW 
\ 
i 
| 
q 
| 
¢ 


FRICTION HORSE-POWER IN FACTORIES. 235 


No doubt it is true that to-day the question of time is more 
important than that of power, and that, in the endeavor to get 
the most product per machine and per man, the minor subject 
of coal and water consumption has been overlooked. This is, 
however, the age of small economies—economies which would 
have been laughed at a generation ago, and no manufacturer 
can afford to neglect the losses shown in these experiments. 

It seems to the writer that in ordinary machinery establish- 
ments an observance of the following rules might effect a saving 
that would be noticeable in the annual balance. 

1. Use pulleys of large diameter on counters and narrow fast- 
running belts. 

2. Use nothing but the best oil and plenty of it, catching all 
drip, and either purifying it or using it for some other purpose. 

3. Have all the shafting and counters oiled regularly, and do 
not depend too much on automatic oiling. 

4. Inspect line shafts from time to time, and see that they are 
in line and can be turned easily. ) 

Many line-shaft boxes bind at the sides when screwed down, 
sometimes increasing the turning moment a hundred per cent. 


DISCUSSION. 


Mr. Samuel Webber.—I have been much interested in the 
results of Mr. Benjamin’s experiments, and agree most fully 
with him in his final conclusions, which are, after all, only the 
rules established and carried out in all the large cotton mills in 
New England, where the subject of transmission of power has 
long been a study. 

The “ Exceptional Case,” No. 13, of which he speaks, agrees 
almost exactly with the results obtained by me in a large num- 
ber of those mills between 1870 and 1880, and which I spoke of 
at the Boston meeting of the Society in 1885.* 

The fact is, our millwrights still adhere too pertinaciously to 
old and obsolete rules, and the old formula, H. P. = (7 ue ' 
is yet published; while the experiments of Mr. Francis, pub- 

(DxRPM\ . 
lished many years since, show that H. P. = a ) i 


ample for prime movers, subject to the strain of gears or cross- 
* Transactions A. S. M. E., Vol. VIIL., p. 188, No. 191. 
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belts, and H. P. = (So is sufficient for mere transmis- 


sion of power, if no side strains are involved. Further, with cold- 
rolled shafting even these denominators may be reduced one- 
third. 

I think the results of the tables are very strong arguments in 
favor of electric transmission where the machines are isolated 
or widely distributed over a large area. 

I am a little at a loss to see how “ Useful Horse-Power 
Machine” No. 8, in Table IV., should be so much less than in 
per Nos. 7 and 9, apparently on similar styles of work. 

An accurate measure by dynamometer of the power required 
by each machine, is a useful check on any tables made up from 
the deductions from indicator cards. | 

I began my own experiments on increasing speeds and reduc- 
ing diameters of shafts in 1853, and since then others have car- 
ried them so far that they have been obliged to put fly-wheels on 
their shafts to equalize the motion to the machines, and there 
is little line shafting put up now less than 1} or 1{ in diameter. 

Mr. J. J. Flather.—The paper on this subject by Professor 
Benjamin is timely, and contains much valuable information 
regarding the loss of power due to shafting and belts. While 
the steam-engine indicator may not be entirely reliable in those 
cases where small differences are measured, as, for instance, in 
No. 16 of the table, and possibly No. 13, yet, as the author states, 
the average results may be considered reasonably close to the 
truth. 

The values of the ratio of friction horse-power to total power 
(Table IT.) agree fairly well with those observed by the writer in 
numerous cases, but are, on the whole, somewhat higher; how- 
ever, as will be shown presently, the values given by Professor 
Benjamin are none too high when the average time of operation 
of the machinery is taken into account. For average light 
machine work, with shafting in fair condition, I assume that from 
30 to 40 per cent. of the total power is expended in overcoming 
the friction of shafting and belting ; on the other hand, for heavy 
machinery this loss will probably average from 40 to 50 per cent. 

In these cases it is assumed that the shafting is in fair align- 
ment and properly lubricated, having its hangers sufficiently 
close to each other to prevent undue deflection under working 
conditions ; it is also assumed that the belting is not unneces- 
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sarily tight. Departures from these conditions will increase or 
decrease the assumed friction loss, depending. upon the degree 
of perfection attained in the erection and maintenance of the 
shafting. 

Other features which will affect this loss are the extent of 
territory covered by the machinery and the nearness to the 
engine or motive power. In those cases where the power is 
transmitted a considerable distance by means of belts and shaft- 
ing, the loss in friction is very great. In one case, that of the 
railway of Northern France, the loss in transmission is 93 per 
cent. At the Baldwin Locomotive works 2,000 horse-power was 
used (1889) to drive the shafting, and only 500 horse-power was 
delivered to the machines. 

The results in Table IV. are such as one might expect, and are 
of no practical value either to determine the horse-power from 
the number of men employed, or, vice versa, to obtain an esti- 
mate of the number of men employed from the horse-power 
furnished. 

The continuity of operation is a factor which largely affects 
the friction loss. In some lines of manufacturing, the machinery 
is in constant operation, and the loss in transmission, as deter- 
mined by the usual methods, is practically a constant per cent. 
of the total power expended in operating the whole machinery ; 
but in the average machine shop,-year in and year out, I think we 
shall find only about one-half of the machines in operation con- 
tinuously or carrying their full load continuously ; therefore, if 
the friction horse-power be, say, 40 per cent. of the full load 
with all the machines in operation, there will be an average 
loss of about 60 per cent. under ordinary working conditions, 
when the time element is considered. In the same way, if the 
friction horse-power be 50 per cent. of the total, we shall have a 
loss, under partial operation, of about 70 per cent. of the power 
expended. Load curves obtained from tests made by the writer 
in a number of shops in which readings were taken every five 
minutes, show that these figures are very close to actual condi- 
tions. The useful horse-power fluctuates with the number of 
machines in operation and the load carried by each, but the 
average is surprisingly small as compared with the maximum. 
It will be noticed in Professor Benjamin’s paper that full load 
measurements were taken about every hour, and the average of 
these was assumed to represent the average load on the engine. 
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The percentage found by dividing the friction horse-power 
(obtained when running light) by the average thus determined, 
approximates very closely to the values given above, and may 
be taken, in the opinion of the writer, as fairly representative. 

In most of the cases shown in Professor Benjamin’s paper the 
works were running full, which would indicate that the average 
friction loss throughout the year would probably be in excess 
of that here given. 

Mr. Chas. H. Manning.—I think that the facts of No. 3 are 
sufficient commentary on the condition of affairs in the rest of 
the establishments to bring out the fact—which is a fact—that 
as long as a line of shafting will turn around without melting 
out any of the boxes or pulling any of the hangers down, people 
are very apt to allow it to go on, no matter whether it is in 
line or not. Of course in machine shops where there are large 
machine tools, there is a large proportion of shafting to each 
tool, and that is a strong argument in favor of independent elec- 
trical drives for all large tools in large shops. I think there 
is‘no question that most of the establishments spoken of here 
could afford, even at the high first cost, to put in independent 
motors for their different machines ; that there is a very large 
portion of the power taken up in all large works by the shaft- 
ing is certain, but that it is necessary is questionable. In the 
large cotton mills the shafting never should absorb more than 
35 per cent. of the total power; that is, the loaded friction. 
There is considerable difference between the unloaded fric- 
tion and the loaded friction of a shaft. These trials were all 
taken with the unloaded friction of the shaft; that is, the shaft 
not driving any work. When the shaft is doing its work there 
is a still larger percentage of power expended, of course, in 
turning the shafting. That was not recognized in this paper. 
The result of No. 13 is an excellent result, and about what it 
should be where there is a fair proportion of machinery to the 
amount of shafting which is required to runit. With new shaft- 
ing, after it has got worn to its bearings for a large mill, about 
15 per cent. is a fair allowance for the unloaded friction of the 
engine and shafting. Where it exceeds that, it is time to look 
around and line shafting up a little. 

Mr. Ralph E. Curtis.—This subject has just suggested an 
inquiry to me, and I would like to ask the members if any of 
them have had any experience on one point. Some years ago 
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there was exploited, and I think presented at this Society, a 
system of journals which, from the economy of lubrication and 
power, from the small attention required, the small trouble 
from wear, seemed to promise great things. We were given to 
understand that it had been used a good deal with factory 
spindles, and somewhat for transmission of power in factories. 
I refer to what is known as the fibre graphite system.* Since 
that time I have not chanced to come across anybody who has 
had any experience with that, and if there is anybody here who 
has any data on that point, or can tell where they can be found, 
I should be very glad to know of it. 

Mr, Geo. I. Rockwood.—There are two directions in which 
power is to be saved, according to the modern idea and accord- 
ing to Mr. Benjamin's idea. One is in the direction of inde- 
pendent electric drives for every room and every heavy machine, 
and the other is to have a separate steam engine on every line 
shaft. I think the last is a custom in England for heavy 
machine-shop work, where they put a wall engine to drive one 
line of shafting, and they do not care anything about the 
economy with which it runs, so long as it will only run. I 
think that last consideration is a very important one and rules 
out electrical transmissions for many cases where they would 
seem to be a good investment. We rarely think of putting 
in a dynamo plant for lighting a factory without duplicating 
it. If we do not duplicate it, we connect with the city lines 
insome way. But we cannot put in any duplicate electric 
drives for shafting, and consequently we have not the reliability 
of operation to fall back on in running electric apparatus which 
we have in connection with shafting, and it is, I believe, gener- 
ally admitted that it is far more important that shafting should 
turn over than it is that it should turn over economically for 
almost all business, especially in the class of business referred 
to in this paper. The subject of this paper is “ Friction Horse- 
Power in Factories.” I think it should be better “ Friction 
Horse-Power in the Machine Shop.” For I think we mean by 
factory a different class of shops from those mentioned here. 
These are shops without exception where mechanical work isdone. 

Mr, Oberlin Smith.—I think those of us who have seen some 
of the railroid shops in England will corroborate that view. 
In a place I have in mind, when a locomotive is worn out so 
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that it is good for nothing else, they have a habit of taking the 
framework and the driver axle and the cylinders and the rest of 
the engine proper, and sticking it up on end against the wall, and 
coupling it direct to a line of shafting, with the usual efficiency 
of a superannuated locomotive. With regard to the last remark, 
that there is is not, perhaps, much future for electrically 
driven shafts, I beg leave to differ from the gentleman. If we 
are going to have shafting at all, I believe that the coming way 
will be to have electric motors on each shaft. I hope, however, 
that in ordinary cases we'll not have any shafting, but will put 
our motors right on each machine. Thisis undoubtedly one of 
the growing and coming methods which we are not entirely 
ready for yet, but which the very rapid improvement in electric 
motors is gradually bringing nearer to us. 
Mr. W. A. Pearson.—If the comparison is to be made between 
driving by shafting, or by separate engines on the shaft, as com- 
pared with driving by electric motors, I propose to put myself 
on record for the electric method. The wall engine may be 
credited with an economy of 50 or perhaps 100 pounds of water 
per horse-power per hour, while the generator which furnishes 
current to the motor from any well-designed power station 
ought to work on 13 to 15 pounds of water, leaving the difference 
available to offset any difference in first cost. 

I claim for the present generators and motors of standard type 
that they will run a given time on less than one-tenth the repairs 
which will be required on a steam engine of the same power. 
Generators and motors are being built to-day which give from 85 
per cent. efficiency at half load to 90 or 92 per cent. at full load. 
The day has gone by when it is fair to accuse electrical trans- 
missions of an efficiency between 40 and 50 per cent. 

Another point which has been urged against the electric drive 
for shops has been the necessity for a great reduction of speed. 
This was true in the past, but improved designs have brought 
about a great reduction of the speed of the motors with a very 
small increase in the weight and cost of material. We have in 
our shops a great number of special tools with little motors on 
them, with one reduction, without any belt ; one gear drives into 
another as you drop the speed of a lathe spindle by the back 
gear. The shafts in our shops run from 150 to 200 revolutions 
per minute. It is not much of a reduction from a motor at 800 
revolutions. 
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Mr. Oberlin Smith—There is an advantage in gearing the elec- 
tric motor to the shaft instead of stringing it on the line. The 
power should be applied at the middle of a shaft at any length 
rather than at one end, and the armature should be readily ac- 
eessible. I think most of our shafting runs too slowly. While 
speeds of less than 100 revolutions are disappearing, yet we will 
save by speeding up further yet. Moreover, the pulleys on our 
countershafts should be of larger diameter, so as to speed the 
belt and diminish the pull. Much line shafting might be run at 
300 or 400 revolutions per minute, and then a motor at 700 or 
800 revolutions a minute could be connected to it with quiet 
gearing and moderate reduction. 

Mr. Pearson.—I do not wish to be understood as holding the 
opinion that the steam engine is in any danger of being sup- 
planted. I think all will agree with me that the steam engine will 
always have its place. I do not think that we are going to run 
it into the river or ocean, but I think the generator and motor 
also are going to have their places. I was very much surprised 
in talking to the superintendent of motive power of one of our 
largest trunk lines the other day, when discussing air, electricity, 
and steam for motive power. Much to his surprise, although he 
was a man thoroughly conversant with all the details of his de- 
partment, I found in conversation with him that he had not 
realized the amount of power which was being used on 132 miles 
of his road constantly. He made figures on it, and I do not 
know, if I asked you gentlemen, if you could guess anywhere 
near it or not. 

It exceeded my guess four times. On the system in question, 
which was 132 miles, or very close to that, there is 100,000 horse- 
power constantly in active service. There is no gentleman who 
will stand here and argue for a moment that electricity is the 
power to drive a small number of trains. If enough trains are 
run to make the load constant, or nearly so, as, for instance, in 
suburban traffic, all must agree that electricity should supersede 
steam. We have to-day on some of our leading trunk lines as 
good locomotives as there are in the world. These engines are 
yielding about 1,000 horse-power. If indicated, they will show 
that the horse-power which they give out is costing at least 30 
pounds of water, and as a rule is costing 50 pounds. Now an 
engine can be built—and there are many builders here to-day 
who would be glad to take the contract to build an engine of 
16 
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2,000 horse-power—which will yield one horse-power hour on 13 
pounds of water, and some of them down to 11 and 12. It can 
be seen at once that the power at the station only costs one- 
quarter what it does in a locomotive, and the very highest loss 
that can be expected is from 20 to 30 per cent. 

Now when it comes to air, in talking with the same man, and 
I consider him to-day one of the best locomotive engineers on 
this continent, he asked, “In reference to air, steam, and elec- 
tricity, have you seen a machine designed to drive a street car, or 
drive any device, which you would call a locomotive, which would 
stand the stress and strain of a steam locomotive?” He said, 
“The reciprocating engine has to be kept in thorough alignment 
or else it has to suffer.” The electric motor has a rotating 
motion with allits advantages. Air is being tried to-day, because 
men want to see if there are any hidden virtues in it; but in 
my estimation they will find that there are none. We have gone 
through many stages of engineering; trying this, dropping it, 
and trying that and dropping it. Possibly our sons will take it 
up on the same lines as we have, if they do not take the trouble 
to read what some of us have done, and in that way save them- 
selves many useless experiments. In talking with the gentle- 
man in reference to applying electricity to his road, he said he 
thought the day was much nearer at hand than he had expected 
prior to our conversation. 

Mr. Rockwood.—The utility of independent electric drives for 
each room and each heavy machine is questionable, to my mind. 
I recognize the fact that in the case of machine shops it is often 
true that a very large proportion of the total indicated horse- 
power of the steam engine is lost in the friction of the engine 
and of the line shafting. But inasmuch as so small a propor- 
tion of the cost of production of finished work in machine shops 
is represented by the cost of the engine-power required to pro- 
duce it, I think all will agree that complication and heavy first 
cost are to be avoided. Simplicity and reliability are of the 
first importance. These qualities should be attained with as 
high a degree of economy as practicable. The English custom 
of driving each line shaft with a wall engine permits different 
lines of shaft to be shut down if the motion is not needed at any 
time, and there is much to be said in favor of this practice in 
the particular instance of machine-shop tool driving. 

Mr. George R. Stetson.—The trouble comes with the motor in 
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getting it upon the shaft at the speed at which we want to run 
the shaft. You have got to have between the motor and the 
shaft a belt, and that is one of the elements of costliness in the 
shaft business. I have found in the case of a shaft about four 
hundred feet long that the foreman, to keep it from side action 
had put in a number of side collars. Between the morning 
length of that shaft and its evening length—from the heat of the 
room and the heating by friction—there was an inch or so differ- 
ence in its length, and of course it tended to spring the shaft, 
and created friction between the box and collars. I remember 
avery curious condition I found in South America. An engineer 
was putting up a line for a plantation. There were cross tim- 
bers, on which the boxes rested, running across the room. In 
one instance there was a jog of about three inches in the level 
of the timbers. He had put in bolts about four inches long 
between the couplings, and filled the space with old leather, and 
it was not only a hard shaft to drive; but it was very musi- 
eal. It is largely a matter of the care of the shafting, and I 
am inclined to feel that, while I am between steam and elec- 
tricity, and have bothered a good deal with both, the reduction 
of the speed of the motor to the conditions of the general appli- 
cation of a shaft is the troublesome point. When our electrical 
colleagues will get a, motor which will run from twenty-five to fifty 
horse-power, which is what we want on a great many shafts, 
and run it at 250 revolutions, and put it on directly, that will 
be something we are looking for. I do not know whether that 
is accomplished yet or not. 

Mr. Pearson.—It is. It just means increasing the material. 

Mr. Stetson.—That is what is the matter. 

Mr. Pearson.—In the last two years we have decreased the 
speed of motors more than one-half. 

Mr. F. A. Goetze.—In regard to electrically driven machinery I 
would like to refer to the policy pursued by Mr. E. A. Darling, 
Superintendent of Columbia University. 

At its new site the University will eventually have sixteen 
buildings, distributed over an area about twice the size of 
Madison Square Park. These buildings will require, for pur- 
poses of ventilation, about fifty or sixty’ fan-blowers, located, 
almost without exception, in the sub-basement and attic floors, 
and varying from five to ten feet in diameter. 

In view of his experience at the College of Physicians and 
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Surgeons, where he has been throwing out the small fan engines 
and substituting electric motors, Mr. Darling has decided to run 
the fans in the new buildings with electric motors, directly con- 
nected wherever possible. I think that the advantages in the 
care and maintenance required for the motors and their electric 
circuits, as compared with the same requirement for the small 
engines and their steam and exhaust lines, will be apparent to all. 

Another advantage which is gained by electrically driven 
machinery at the College of Physicians and Surgeons, and also 
at the Sloane Maternity Hospital, where the laundry machinery 
and fans are equipped with direct connected motors, lies in the 
ability to run this machinery with a storage battery whenever it 
becomes necessary to shut down either the steam line, dynamos, 
or engines for repairs. 

Mr. Stetson.—I think we are rambling from the subject. The 
position which I tried to take was that at the present time it was | 
questionable whether in the great majority of instances a motor 
could take the place of the regular methods of transmission. I 
have no doubt in angle work, where you have to turn a corner 
with belts, which is frequently done, that it would be advisable 
to figure very carefully whether the motor was not the thing to 
put there. I know from my experience that the slower the 
motor goes, the higher the price asked, up to date, and I don’t 
know how much money it would take to get a motor down to 
250 revolutions. I know that with a five horse-power motor for 
slow speeds, you get seven and a half high speed, and the price 
is the same. We trust for the best, and I have faith that it 
may come. But we are talking about what is taking place to- 
day. Now the gentleman on my right spoke about the fan 
business. Put a motor there by all means. You want that fan 
to go along about the same jog as the motor is going. It is 
the application of a motor to a different condition at which we 
pause, and if we are going to confine ourselves to this paper it 
is running shafting in machine shops. 

Mr. Samuel M. Green.—The question of the use of the electric 
motor or of shafting would seem to be one of investment. 
By the use of shafting we can transmit power at an efficiency 
of 80 per cent. The gentlemen advocating electricity will agree, 
I think, that a higher efficiency can hardly be realized from the 
use of generators and motors. 

Under these conditions it will be simply a question whether 
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the use of shafting will require a greater or less outlay than 
the use of motors, and which will be maintained at the minimum 
cost. 

I have had occasion to try the graphite bearings which have 
been mentioned by one of the speakers, but have not had 
success in their use. They crack and wear badly. I have not 
heard anything of this bearing for some time, and do not know 
. whether or not it is still on the market. 

Another question brought out by the paper is of much 
interest, and has not been touched upon by any of the speakers ; 
I refer to the use of a large quantity of oil, and its purification. 
I have been unable to secure a purifier in which I have perfect 
faith. One always has some hesitancy in using oil the second 
time, even if it has been passed through a filter. I should be 
glad to hear from some one upon this question, if any one has 
satisfactorily solved it. 

I think Mr. Rockwood’s remarks have been rather miscon- 
ceived. I understood Mr. Rockwood to say that they were 
using these small engines, and to say that he preferred line 
shafting to them. Itseemed to me, from remarks made, that the 
gentlemen understood him to say that he preferred the small 
engine to the motor. I think there is no question that small 
engines are less economical than small motors under the same 
conditions. 

Mr. Alfred Brooks Fry.—There is one portion of the discussion 
which has touched on a question which our experience in the 
United States public buildings in the treasury service well 
enforces as important. 

A great many of our larger buildings, notably those used for 
post-office purposes, have a great deal of miscellaneous mechan- 
ism ; they have small printing offices, and mechanism for defacing 
stamps, and post marking, and for other purposes. Formerly we 
drove this mechanism with shafting belted to small engines. 
But we have found practically a twofold economy in substituting 
electric motors for them. We find, given proper care and proper 
attention, that the motors built by any of the older reliable 
electric companies can be depended on. I do not refer to any 
particular concern, but our experience with the three or four of 
the older types of machine is that they are reliable, and we find 
that in actual practice it is no more expensive to install good 
wiring, and not so expensive to maintain it, as it is to install and 
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maintain long lines of small steam pipe. Most of our units for 
miscellaneous separate power would be from five to eighteen 
horse-power, and we have found that the cost of maintaining 
motors and wiring, and the interest account on them, would not 
exceed interest and repairs on the cost of small engines of the 
same power having long lengths of small steam pipe. 

I think almost every one here will agree with me, that for build- 
ing and shop uses the loss in transformation in the electric motor , 
is more than compensated for by the efficiency of the system and 
its cleanliness and convenience. 

In our service we have gone into this matter carefully, and 
having completed a series of tests for about two years at the 
United States buildings, Boston, we are going to equip the New 
York post-office building with its own electric plant, taking out 
the various small steam engines, and replacing them by electric 
motors, because we have found that, taking into consideration 
the maintenance of long lines of steam pipe, the annoyance and 
the heat, the trouble with drips, and the fact that the small 
engines often cause twice as much trouble by unskilful handling 
as a motor would, we found it expedient to substitute motors. 
Of course we pay special attention to the incessant running of our 
plants. In the big post-offices they are nearly all absolutely 
dependent on the electric light. We do not have gas, upon the 
theory that if you have gas, and the engineers have anything 
to fall back on, they will not be careful about the mainten- 
ance of their electric apparatus. The Boston United States 
electric plant has an output of about 450 electric horse-power for 
the post-office and sub-treasury, and about 60 electric horse-power 
for the custom house. The plant has been in operation every 
day, including Sundays and holidays, for something over thirteen 
years. 

The total time lost from accidental shut-downs is between five 
and six hours, and that occurred in connection with an accident 
to the feed system of an old battery of boilers. The time lost by 
sundry shut-downs for absolutely necessary repairs to the main 
steam-piping, or absolutely necessary repairs to the main shaft- 
ing, will not exceed for those thirteen years, twelve working days 
of ten hours each day. The plant in question has not been in 
duplicate. We have had an average of fifteen to twenty per 
cent. spare apparatus; that is, usually, one spare engine and 
twenty to thirty kilowatts in reserve. We have found that the 
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plant may be operated practically continuously, and without any 

great difficulty, provided the repairs are kept up, and provided 
constant attention is given to it. Moreover, I feel sure that 
I express the feeling of our service in saying that for small units 
of power, taking everything into consideration—the length of 
shafting, the slipping of belts, the care of belts, the care of bear- 
ings, the loss of power in long lengths of steam pipe—that 
motors, directly applied as practicable (motors of the best type), 
are a very efficient substitute for small engines. 

Mr. Pearson.—In reference to hot journals absorbing power 
in transmission, my experience has been that care is the greatest 
preventive. The best way to obtain or enforce this is to in- 
vestigate each case thoroughly, and then adopt some measure 
of exposing the man, either by dismissing him, or, to do as some 
railroad companies do, place his name on the blackboards on the 
different divisions of the road, stating the time, date, and the 
conditions whereby the journal became hot. I know where this 
method has been tried and found to be very successful in pre- 
venting hot journals. 

Mr. Rockwood.—Since the subject of the paper is friction in 
shafting, I wonder that no one has advocated roller bearings. 
I will advocate them. I bought a few hundred dollars’ worth of 
roller bearings about a year ago—heavy roller bearings, five and 
a half inches in diameter, down to three and a half, running 200 
turns to a minute, and they have always run very nicely. They 
cost me about thirty per cent. more than the other kind. I got a 
guarantee from the manufacturer that if anything happened to 
them in two years, he would either give me another set or put in 
babbitted bearing at my discretion. Now, that shafting, although 
it is a great heavy shaft, with a lot of pulleys on it, and about 
300 feet-long, can be easily rotated by a man by simply putting 
his weight on the main driving pulley when it has been standing 
idle for a number of days. I personally believe that the roller 
bearing is going to be introduced everywhere in stationary work 
in the course of a few years. We need a certain amount of 
experimental data as to just how to proportion the roller bearing. 
But when I say roller bearing I do not mean hard rollers. As far 
as I know, there is only one concern in the world which makes a 
roller bearing which does not have a hard roller, and that is the 
concern of which I bought these boxes. 

Mr. A. F. Bardwell.—In regard to driving line shafting, I 
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would recommend where the shafts run at right angles that they 
be driven either by separate engines or motors; but the question 
of friction, which the paper is based on, can be reduced by put- 
ting in roller bearings. _ 

While at the Brown & Sharpe Manufacturing Company, three 
or four months ago, I was talking roller bearings with Mr. Beck. 
He showed me a set of rolls on which they formerly had a six. 
inch double belt, but were unable to drive the rolls, They then 
put a four-inch belt on the back of the six-inch belt, and still 
were unable to drive them. They finally put in roller bearings, 
and then run the rolls with a three-inch single belt. From that 
they reduced it to a two-inch belt, and did run them with a one- 
inch single belt. | 

It will be seen that with roller bearings and a one-inch belt 
they did what they were unable to do with solid bearings and a 
six-inch and four-inch belt. When I saw the rolls, they were 
driving with a two-inch single belt. 

Since the regular meeting we have made some extensive experi- 
ments in the friction of roller bearings and solid bearings on line 
shafting which was 208 feet long in both cases. The roller-bearing 
shaft was 21% inches in diameter, and the solid-bearing shaft was 
2;; inches. The total weight of the roller-bearing shaft was 
6,364 pounds, and that of the solid-bearing, including such pulleys 
as were on the line, 5,163 pounds. The results are as follows: 

The coefficient of friction for the roller-hearing shaft at a 
periphery speed of 60 feet per minute was .016, and of the solid- 
bearing at the same periphery speed was .0661. At 110 feet per 
minute periphery speed the roller-bearing coefficient was .0203, 
and the solid-bearing at the same periphery speed .0901. 

It will be seen from this that for a periphery speed of 60 feet per 
minute the roller bearing only consumed 24.2 per cent. as much 
power as the solid, and at 110 feet per minute periphery speed 
the roller bearing only consumed 20} per cent. as much as the 
solid. 

This test was made with the belts all thrown off and the shaft 
driven by a motor which had previously been thoroughly tested as 
to its efficiency, and the results were very closely obtained in this 
way. ‘The pressure per square inch on the solid bearing was 7.4 
pounds, and on the roller-bearing shaft was 8.58 pounds per 
square inch ; but this weight per square inch was not considered, 
as the pressure per square inch was so small in results. 
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Mr. Johnson.—I would like to say that I think a word of cau- 
tion is necessary in speaking of roller bearings, and that they, 
like many other good things, have got to be well made and used 
with discretion. The company I work for, not very long ago 
bought a railroad travelling crane. It is pretty heavy; all the 
weight has to be carried on two pairs of wheels, and when it is 
run with its maximum load hanging from the end of the jib, the 
pressure on the journals is pretty high. To provide for this the 
makers put in roller bearings, or what were intended for roller 
bearings. All they did was to make the axle-box an inch larger 
than the journal, and put in enough pieces of half-inch cold-rolled 
shafting to fill the space. Instead of a bearing, it became a first- 
class axle-grinding machine right off; there was nothing to keep 
the rollers parallel and out of contact, so they turned at different 
angles and cut the journal. The result was that they had to be 
taken out, and boxes carrying plain heavy brasses, about in loco- 
motive style, substituted, and I think it ought to be understood in 
speaking of roller bearings that they have got to be caged or kept 
parallel in some way, to give good results. 

Prof. C. H. Benjamin.*—The discussion seems to have drifted 
some distance from its moorings. The object of the paper was 
rather to show the faults of shafting and to suggest remedies 
than to hint at dispensing with it altogether. 

It is doubtless true that in many cases electric transmission is 
better and cheaper, but it is also true that in most cases shafting 
is used and will continue to be used, so that the question now at 
issue is how to reduce the friction losses in shafting to a mini- 
mum. In this connection I can only repeat the recommenda- 
tions made at the close of the paper, and I am glad to have them 
confirmed by so eminent an authority as Mr. Samuel Weliber. 

There is a limit in practice to the rotative speed of line shaft- 
ing, and I should be inclined to set it at about three hundred 
revolutions per minute. I have had some experience with shaft- 
ing at five hundred revolutions per minute, and should not care 
to repeat it. If it is desired to get still higher belt speed, it is 
better to do so by using larger pulleys. My experience with 
steel pulleys in such cases has been very favorable to them. 

If shafting is round, is straight, and in line when loaded, and if 
the bearings are well fitted, and well oiled with good oil, the loss 
of power in compactly. arranged shops will be small. 


* Author’s Closure under the Rules. 
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The use of graphite, grease, etc., is usually an excuse for neg- 
lect, and results in a large net loss due to increase in the coal 
bill. Ido not suppose that there are many manufacturers who 
are seriously contemplating the use of roller bearings on ordinary 
line shafting. 

It is to be noticed that when a shop is said to be running 
at full capacity, this does not necessarily imply that all the 
machines are running. Probably in most machine shops, when 
the full complement of men is at work, not more than one-half of 
the total machine power is used, if an average is taken for the 
day or for the week. 

Allusion has been made to the fact that the figures in Table IT. 
show the unloaded and not the loaded friction of the shafting. 
This is true; but where the shafting consumes so large a fraction 
of the total energy, throwing the machines on or off will have 
little effect on the friction. 

If this paper and its discussion will lead some who read them 
to overhaul their shafting, put it in line, and keep it oiled, some 
good will have been done. 
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RUSTLESS COATINGS FOR IRON AND STEEL. 
FOURTH PAPER. 


BY M. P. WOOD, NEW YORK CITY. 
(Member of the Society.) 


THE fourth paper on “ Rustless Coatings” was to have been 
devoted to the subject of oils and other vehicles used in paint 
processes. Since the third paper was presentedt, so many exam- 
ples of the vagaries of corrosion of metallic bodies have pre- 
sented themselves which appear to claim the earnest considera- 
tion of engineers as to the causes and remedies therefor (the 
effects being in most cases too painfully apparent), that in lieu 
of the vehicle subject I present a case of corrosion of so remark- 
able a character, and one in which the record is so positive in 
its details, that it is removed from the category of speculation 
as to the cause of corrosion in this particular case. 

How many more kindred cases could be brought forward of 
almost equal interest, if but reported for record by engineering 
observers, it is difficult to say; but the reported case of the 
corrosion of the floor beams in the old New York Times build- 
ing,t occurring, as it were, almost under one’s feet in the short 
interval of thirty-five years, and in the hereinafter reported case 
of one of six days, appears to be an unanswerable argument of 
the dangers of using the oxide of iton in any form for the pro- 
tection of metallic structures from corrosion. ; 

This argument may be reinforced by the query, What is or 
what will be occurring to the metallic portions of the many sky- 
scrapers which are in process of erection in our own and other 
cities at the present time, under great dissimilarity as regards 
temperature, humidity, and other climatic conditions, but of one 
characteristic sameness—viz., being sealed in solid masonry or 
other coverings beyond the ken of inspection ? 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 

+ Detroit meeting, June, 1895, Volume XVI., paper number 637, pp. 663-706. 

t Transactions A. 8. M. E., Volume XVI., paper number 626, p. 409. 
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Inspection of these buildings now in progress, as well as 
those lately erected, reveals possibly a slight improvement in 
general over the conditions apparent two years ago; but the im- 
provement is a hollow mockery, and will bear fruit for repent- 
ance ere many years have passed. These structures, though 
more carefully painted than those erected before with more and 
heavier coatings of some kind of stuff called paint, do not 
appear in a single case to have received any attention or consid- 
eration as to the condition of the metallic surfaces before apply- 
ing the protective coating beyond a possible sweep with a dirty 
broom to get rid of the rough dirt from the workshop yard, and 
a possible wipe with a piece of old sacking to remove the grease 
due to machining processes. Anything like a washing down of 
the parts with soda-ash or lye-water to remove the grease, and 
then pickling with weak acid to remove the mill scale, and a 
subsequent washing with lime-water to neutralize the acid bath, 
warming the work before painting it, and care to apply the paint 
only on clear, bright days, when no sweating can occur, or apply- 
ing the paint in warm paint-rooms—it is safe to say that not in 
a single case out of the many skeleton structures of our modern 
sky-scrapers can this be found to have been the procedure. 
Not only this, but it is not done in the minor parts of the struc- 
ture, where the light grillage and ornamental partitions should 
at least claim these precautionary measures to be used, and 
where the question of weight and complexity of parts could not 
arise to cause a decision on the side of Cheap-John methods. 

It is an indispensable condition, in applying paint for the 
protection of metallic surfaces, that the surface must not only 
be first prepared by cleaning it to receive the paint, but the 
manner and time in which the coating is applied are strong fac- 
tors towards getting a favorable result. A poor paint properly 
applied to a properly prepared surface will in general give a 
better and more lasting result than a good paint improperly 
applied to an improperly prepared surface. 

In previous papers on “ Rustless Coatings” read before this 
Society attention has been called to a few of the many cases of 
destructive corrosion which are apparent to the most casual 
observer—viz.: The Niagara Falls and Brooklyn Suspension 
bridges (Transactions A. 8. M. E., Volume XV., paper number 
598, pp. 1044-1046); the Victoria Tubular Bridge across the St. 
Lawrence River at Montreal, Can. (Volume XVI., paper number 
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626, p. 410), and the Firth of Forth Cantilever Bridge, Scotland 
(Volume XVI., paper number 626, page 407); the elevated 
railway and viaduct constructions of the Metropolitan Rail- 
way lines in the city of New York—and the evidently wrong 
conception from the beginning of what was necessary for the 
protection from corrosion of these costly structures, so that 
their life could be measured by the lapse of centuries instead of 
decades. 

The time is approaching when the new suspension bridges 
between New York City and Brooklyn—the North River Bridge 
and the East River Cantilever Bridge, two of the most costly 
and important metallic structures of the many in the world—will 
require the most careful consideration by their engineer corps 
of the means to be taken to properly protect them from corro- 
sion. Aside from the comparatively unimportant quantity of 
the masonry used in their construction, there are thousands of 
tons of steel embodied in them, divided and subdivided into 
thousands of separate parts, some accessible for examination as 
to their state at all times, but more which are so covered in when 
assembled as to utterly preclude any effective examination or 
the adoption of any protective methods other than those given 
at the time of their erection in place. The greater portion of 
the separate parts, large and small, which compose the whole 
structure will be comparatively unprotected during the greater 
part of the long years that they will be under construction, and 
subject to mechanical injury of whatever coating may be spread 
over them at the workshop, and also to that due to the varying 
changes in temperature and climatic conditions, aggravated by 
the presence of sea-air, to which inland structures of the same 
class of design would not be subjected, and whose complete 
failure from any cause would not be so disastrous as the partial 

failure of these. 

_ The wires in the suspension cables of these structures (after 
having been freed from the mill scale of manufacture and draw- 
ing to wire) will no doubt be protected by some system of 
coating with zine, tin, or nickel to properly cover in the screwed 
couplings used to join the separate wires, notwithstanding the 
fact that the electric welding of the wires would give a stronger 
connection at possibly the same expense. That screwed or 
twisted connections have always been used for this purpose 
may possibly prove too great a precedent to ignore. But why 
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persist in coating such wires with either boiled or raw linseed 
oil instead of a reliable carbon or plumbago paint? Linseed 
oil, free from pigment, applied to any metallic surface, absorbs 
moisture freely as a sponge, swells up, loosens its bond on the 
metal, and rarely if ever renews its bond when dried out. A 
properly prepared paint could be as readily applied as the oil, 
would take no longer to dry, and would resist friction and mois- 
ture greatly in excess of an oil coating, and be a proper foun- 
dation to receive the final protective coating ere the cables were 
finished or covered in. 

Engineering, July 31, 1896, pp. 157-158, reports from a paper 
read by Mr. Hector Macoll, of Belfast, before the Institute of 
Mechanical Engineers (before referred to), an interesting case of 
the “ Unusual Corrosion of Marine Machinery ” due to the pres- 
ence of oxide of iron pigment: 

‘Corrosion in marine engines and boilers is usually confined 
to well-known parts, is not rapid in its action, and may be pre- 
vented or stopped by the adoption of suitable measures. In a 
recent instance its action was so widespread, so rapid, and so 
powerful as to render a short description of it interesting to 
engineers. 

“ Steamer.—The steamer Glenarm is a steel vessel of the long, 
raised quarter-deck type, built in Belfast in 1890, for the Antrim 
Iron Ore Company, and is engaged in their trade between Bel- 
fast and ports on the northeast coasts of Scotland and England. 
She is classed 100 Al in Lloyd’s register, with a deadweight 
capacity of about 800 tons; and her machinery consists of three 
crank triple engines with cylinders 17 inches, 27 inches, and 44 
inches in diameter by 30-inch stroke; a three-furnace, single- 
ended boiler of the usual type, loaded to a pressure of 165 
pounds per square inch, and a single-furnace, horizontal, multi- 
tubular donkey boiler. The shafting and other forgings are all 
of iron; the boilers are of steel, with iron tubes. 

“* Submergence.-—On Tuesday, December 24, 1895, this steamer, 
carrying a cargo of about 650 tons of ‘burnt ore’ from Irvine 
to the Tyne, struck on a rock in the Sound of Mull, and was at 
once beached in Scallaster Bay, where the sea stood a little over 
her after-deck at low water, and close up to her bridge deck at 
high water. On the following Monday, December 30, after 
having been submerged six days, she was pumped out and 
raised. On the same day steam was got up in the main boiler ; 
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but when about 30 pounds pressure had been reached, the steam 
valve on the donkey pump blew out, and it was found that the 
copper at the bend of the donkey feed-pipe next the main boiler 
had disappeared; fires were therefore drawn, and the boiler 
blown off. On Friday, January 30, 1896, all leaks having been 
so far reduced as to be under control of the salvage pumps, the 
vessel left in a tow for Belfast, where she arrived early on Sat- 
urday morning, all the salvage operations having been success- 
fully conducted by Captain Bachelor, of the Liverpool Salvage 
Association. 

“ Cause of Corrosion—On examination the machinery was 
found to present an extraordinary appearance ; all wrought-iron 
work was deeply and roughly corroded, and planed cast-iron 
work rendered so soft as to be easily cut with a knife. 
These unusual effects were undoubtedly caused by the cargo of 
‘burnt ore,’ and the following explanation has been contrib- 
uted by Mr. S. Courtney, chemist, of Messrs. Francis Ritchie 
& Sons, Belfast, who investigated the subject at the request 
of Mr. Robert Browne, secretary and manager of the Antrim 
Iron Ore Company: ‘ Burnt ore is the residue from the manu- 
facture of vitriol from sulphur pyrites, and is generally found 
to contain about four per cent. of sulphate of copper, together 
with a little sulphate of iron due to the sulphur not having 
been completely burnt out of the ore and becoming oxidized 
into sulphates. The sulphate of copper would be more or less 
completely dissolved in sea-water ; and as the latter contains a 
considerable quantity of chloride of sodium, or common salt, 
this would react on the sulphate of copper, forming sulphate of 
sodium and chloride of copper. The sulphate of copper and 
chloride of copper are both soluble in water, and a solution of 
either or both dissolves wrought iron and cast iron. The 
chloride is more energetic in its action than the sulphate ; but 
in time a solution of either, no matter how weak, will dissolve 
an atom of iron for every atom of copper present. Every 100 
tons of cargo contained as much sulphate of copper as would, 
if available, dissolve nearly 32 hundredweight of metallic iron. 
The burnt ore might also contain a small quantity of free sul- 
phuric acid, which would combine with the soda of common salt 
in the sea-water and set free hydrochloric acid, and the latter 
would rapidly act upon copper or brass.’ 

“ Extent of Corrosion—On the condition of affairs being 
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discovered, the engines and boilers as well as the hull were at 
once opened up for survey, the underwriters being represented 
by Mr. Henry H. West, of Liverpool, and the owners by Mr. 
James Maxton, of Belfast. The entire work on the hull and 
machinery was afterwards carried out under the direction of 
the latter. The general condition of the engines was that 
wrought-iron work had been penetrated by corrosion to a 
depth of about three-thirty-second inch, and planed cast iron 
so softened that one-eighth inch had to be taken off before a 
hard surface was regained. Surfaces in bearing contact, or 
with oil between them, and all painted surfaces, were com- 
pletely preserved. The detailed condition of the various parts 
and the measures taken to restore them were as follows : 

“ Cylinders.—These had partially filled through the hot-well, 
and from the drain cocks being open. The lower part of the 
intermediate cylinder was softened for twelve inches up, and 
was rebored one-quarter inch larger in diameter, and the piston 
altered to suit. The piston valves and liners in the high- 
pressure and intermediate cylinders were softened at their 
lower ends; the liners were rebored, and the valves fitted with 
new rings. The lower edges of the low-pressure slide valve 
and face were also softened; the valve was planed, and the 
lower bar of the face chipped off and replaced by a brass 
strip pinned on. In all other respects they were sound and 
good. 

“ Piston-Rods and Connecting Rods were turned all over, reduced 
three-sixteenth inch in diameter, and the former fitted with new 
neck and gland bushes. 

“ Guides had one-eighth inch planed off them before a hard 
surface was reached, and the guide-shoes were lined up to 
suit. 

“Valve Gear is of the Hackworth type. The valve spindles 
and various rods were turned all over, to remove the deep 
pitting; the angle blocks had their planed surfaces reduced 
one-eighth inch, and the various parts lined up to suit. 

“ Shafting—The crank-webs were deeply corroded, but as 
there was ample strength they were filled with ‘ hard-stop- 
ping’ and painted. The shaft-journals and crank-pins were 
pitted longitudinally in the exposed spaces between the white- 
metal strips, and were also pitted transversely at the clearance 
spaces next the crank-webs; these were cleaned out, filed up, 
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and the bearings adjusted. The thrust shaft was much cor- 
roded at the exposed parts of the collars and journal; it was 
turned all over, and the horseshoes and bearing were refilled 
with white metal. The intermediate length of tunnel shafting 
was much corroded at the exposed part of the journal ; and as it 
was also reduced by wear, a new journal was turned further 
forward, and the bearing shifted to suit. The propeller and 
propeller shaft were found in good order. 

“Auciliaries.—The centrifugal pumping engine was consider- 
ably wasted in the rods, guides, etc., and was treated like the 
main engines. The duplex pumping engine and donkey-boiler 
pump were so seriously corroded as to be useless, and they 
were replaced by new. The brass steam valve and one pet cock 
of the duplex pumping engine were curiously wasted into holes, 
and the check valve and seat on the main boiler had the appear- 
ance of some substance, probably zinc, having been sucked out 
of them. 

“ Pipes—From the appearance of the donkey copper feed 
pipe it was feared that all the copper pipes were seriously 
affected. A similar bend in the main feed pipe was therefore 
sawn through, but was found to have suffered no deterioration. 
All the pressure pipes, however, were taken down, tested, and 
annealed ; no defects were detected, and they were all replaced. 
But in putting together the various steam and vacuum gauges 
the small connecting pipes were found in several places to be 
curiously wasted below the coupling nut. 

“Small Details—It is unnecessary to enumerate the bolts, 
nuts, cock handles, spanners, and such small details, which were 
wasted into mere shadows of their former selves, and had to be 
renewed. 

“ Boilers.—The safety valves of the main boiler having been 
eased when the vessel was beached, the boiler had filled with 
water; and the condition of both boilers looked serious. The 
front end plate of the main boiler was considerably wasted ; the 
furnaces, which are of the spiral, corrugated type, had corrosive 
scores running in the direction of the corrugations; and the 
tubes were covered with a deposit of what appeared to be pure 
metallic copper. In the end, however, after careful drilling 
and gauging, it was found that an unexhausted margin remained 
in all except the tubes. These were all found to be seriously 


corroded in both boilers, and every tube was therefore cut 
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out and renewed; after which the boilers were satisfactorily 
tested. 

“Steam Trial.—Although the utmost vigilance and care had 
been exercised in examining as far as possible every point and 
detail, latent defects might have existed; and it was not with 
complete confidence that steam was again raised and the ma- 
chinery tried. Neither then, however, nor in the months of 
continuous service which have since elapsed, has the slightest 
defect been perceived ; and the machinery is now, thanks to its 
thorough overhaul, working with the efficiency and economy 
which it possessed when new. 

“ Conclusions.—The lessons to be learnt from this experience 
are probably obvious enough. Some of them are for the 
shipowner rather than the engineer, and therefore need hardly 
be referred to here; but it may be well to emphasize two of the 
others. 

“ First, the advantage of having in marine engines and boilers 
a small margin over the actual requirements for strength. In 
the various rods, shafts, and similar parts, such a diameter as 
would allow them to be skinned up; in the cylinders, valves, 
etc., such thickness as would allow them to be bored or planed 
afresh ; and in the furnaces, combustion chambers, and stays, a 
slight excess of thickness over that required by the rules. 

“Second, the advantage of good paint. Many engineers prefer 
polish to paint ; but in this instance the latter truly cost little, 
and was worth much.” 

The final paragraphs may well claim serious attention. 
The cause and effect are so closely related that all doubts as to 
the cause are set at rest. As stated in previous papers read 
before this Society, the corrosive agent is found in the oxide of 
iron pigment as usually prepared for the market, and claiming 
great superiority as to quality by reason of its bright attractive 
color and purity over other forms of oxide pigments ground 
from hematite ores, whose dirty brown purplish color indicates 
the presence of more or less clay and earthy matters, wholly 
unreliable as a pigment even when mixed with good linseed oil, 
and whose varying qualities are readily detected in the separate 
consignments from the same manufacturer or compared with 
each other. Of the samples from the many concerns turning 
out this Cheap John material, none are good, all are bad 
and comparatively useless for the protection of metal, however 
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admirably adapted by virtue of their cheapness to wooden 
structures, and are a poor investment for them if the merits of 
a better paint are considered. 

How much damage is done to the internal parts of a marine 
vessel by the use of iron-oxide paints with which those portions 
below water mark in the holds are usually coated it is hard to 
realize. Bilge water is a very corrosive fluid, composed as it is 
of sea water mixed with the leakage from fluid cargoes soured 
by the heat of the hold, the sulphur water from the furnace, 
ashes and pyrites in the coal bunkers, mill scale and paint 
oxides of copper and iron thrown down in the course of repairs 
to boilers and hull and seldom if ever removed, continually 
agitated and washed over the exposed metallic surfaces, and 
aided by the presence of carbonic acid generated from the con- 
glomerate mass in the confined air of the hold. It is scarcely 
to be wondered at that the vessel when in the dry dock for the 
too often extended yearly examination is found in such an ad- 
vanced stage of corrosion that it is necessary to cut out and 
renew frames, bulkheads, and other parts so corroded as to 
endanger the safety of the ship in a seaway. The engineer in 
charge in the due performance of his duties will attend to the 
repairs, but the ship-owner who pays the bill when approached 
with the question, “ What shall we coat her with to prevent this 
occurring again?” too often cannot see his way out of the 
dilemma, and says, “‘ Give her the old stuff and let her go.” 

In the discussion following the presentation of the second 
paper on “ Rustless Coatings,” read before this Society ( 7ransac- 
tions A. 8S. M. £., Vol. XVI., paper number 626, p. 416), Mr. F. H. 
Boyer(member) cited the case of 1,800 feet of twelve-inch cast-iron 
pipe, laid two and one-half years and used to pump sea water, 
which had changed in its entire length to the condition almost of 
plumbago, and could be readily cut with a knife, and would have 
to be renewed as a whole. Possibly the presence near the inlet 
of the pipe of some acid manufacture or waste pipe from it, or 
some sunken cargo of iron oxide, may have contributed to this 
decay. Pure sea water is strongly corrosive, but not alike in its 
effect in all parts of the world ; it is, however, stronger in its cor- 
rosive effect when mixed with sewage water, and this may have 
been one factor in the case. Mr. Boyer will confer a favor upon 
the engineering fraternity if he will give the results of his later 
examinations as to this case. Such records are of extreme value. 
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A late letter from Mr. Boyer, though it omits the analysis of 
the cast iron from which the pipes were made, gives some data 
regarding the pipe worthy of note. The pipe was twelve inches 
diameter, flanged connections, laid in air, except the seaboard 
end, where it dipped into the sea well for suction, the sea 
water being used for condensation purposes. The pipe appears 
to be in a worse condition at present than when reported at the 
New York meeting, 1894, when it had been in duty only two and 
a half years, and judging from its present condition will require 
entire renewal. The valve chambers of one of the duplex Worth- 
ington compound pumps connected to the main suction pipe, 
and the branch connections from the main pipe to the pumps, 
have been renewed. The deterioration of these parts was so entire 
as to cause loss of vacuum on the suction end of the pipe. There 
appears to be no change in the pipe where exposed to air exter- 
nally, the attack being from the inside or salt-water contact; and 
though it was coated with the usual coal-tar coating at the pipe 
foundry, it appears to have been worthless to prevent the change 
and decay of the pipe, which appears to have been of unusual 
moment, as the pipe was originally seven-eighths of an inch in 
thickness, and the pump-valve chambers were no doubt quite as 
thick, if not thicker. 

As the pipe was flanged, and required machining at the flanges, 
and the pump castings required machining also, the iron in both 
pipe and pumps is no doubt a soft, easily worked metal containing 
a large amount of uncombined carbon, the large crystals of the 
iron favoring an easy attack of any corrosive fluid by dissolving 
the iron and leaving the carbon unaffected. Pipes under pres- 
sure would have presented the same changes. Had the iron been 
close-grained, gray, or even white in color, and as hard, capable of 
being machined, the decay would have been less rapid, and the 
life of the pipe been ten to twelve times that now given. 

Plumbago, or graphite, the substance into which the pipe is 
changing, is a carburet of iron, and, as occurring in nature, ranges 
from thirty-six to ninety-nine per cent. carbon, the foliated graph- 
ite being more pure than the amorphous, which is granular in 
character. Cast-iron cannon immersed in the sea for periods from 
sixty to one hundred years, are changed to almost pure plumbago, 
and when first raised and exposed to the atmosphere become so 
hot from the absorption of oxygen that they cannot be handled 
for a number of hours. 
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DISCUSSION. 


Mr, A. H. Sabin.—I desire to add my testimony to the impor- 
tance of the removal of mill scale from steel before painting. 
My own experience has been that mill scale gradually becomes 
detached in many cases, carrying with it whatever paint has 
been applied. There is a large field for men in charge of such 
work for experiments to find out how best to prepare such 
surfaces. In some of the railway shops all the mill scale is 
removed either by pickling or scouring, both of which are 
expensive and troublesome operations. 

In the case of marine corrosion described in the paper there is 
only a special illustration of what is going on daily in many 
places. Copper solutions, especially if they are acid (as they 
usually are), have a very rapid action on iron, and the complex 
acid, saline solutions met with, especially about copper mining 
and refining works, are very difficult to deal with. I was lately 
shown in the office of Fraser & Chalmers, Chicago, a piece of 
brass pipe about one-eighth of an inch thick which had holes eaten 
through it by sixteen hours’ immersion in one of these liquids. 
Almost any paint will greatly retard such rapid action, as it is 
shown by the report in the preceding paper that all painted 
surfaces were preserved ; but I believe the most durable coating 
for such purposes is a true oil and gum varnish containing a 
certain amount of asphalt. I am informed by Mr. J. B. F. Herres- 
hoff, member of this Society, that he has successfully employed 
such a material to retain concentrated muriatic acid for the last 
four months and also to prevent the action of 40 per cent. 
sulphuric acid containing copper sulphate in solution for several 
months. Such a coating would probably be useless in alkaline 
solutions, but acid and saline solutions are more common. 

Such corrosion as has been described is considerably different, 
in my opinion, from the ordinary rusting in moist air, and more 
difficult to prevent ; but cases are, no doubt, constantly occurring, 
and are of much importance. It is gratifying to note that the 
proper preservation of metal is beginning to receive due attention. 

Mr. O. F. Nichols.—Rustless coatings for iron and steel seems 
almost a misnomer in terms. From a considerable and somewhat 
unfortunate experience with various coatings I.am_ strongly 
inclined to believe that there is no known coating which will 
protect these metals from rust and consequent decay. The 
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Kentucky colonel said ‘that while there were different grades 
of whiskey there was no such thing as bad whiskey”; and I 
believe that while some paints are worse than others, no paint is 
absolutely good. 

Mr. Wood has called attention to the fact that linseed oil 
“absorbs moisture freely as a sponge,” and since linseed oil is the 
best if not the only medium by which we may hold paint in 
position on iron, we are certainly very much at sea if this is to 
take up moisture like a sponge. Having the surface properly 
cleansed and prepared—and we all concede this as necessary as 
washing one’s face—it is still evident that it is only a question of | 
time when the moisture shall work through the paint and oxidize 
the iron. There is little in the claim that good oxide of iron 
paints or red lead are active in the process of oxidation ; both may 
be made inert, so far as such action is concerned, and it comes 
really to confidence in the material used to hold the fine powder 
and make of it a liquid paint. If lead and oxide of iron are con- 
sidered distinctively active, graphite is certainly inert, and may 
with the same oil produce a darker-colored paint. Graphite 
paints do not harden thoroughly as lead and iron paints do, and are 
more liable to be scratched off on exposure. The oil still absorbs 
or leaks moisture, notwithstanding the change which it suffers on 
exposure, and the oxidation again sets in. 

Latterly, I have come to rely quite as much on quantity as 
quality, and have insisted that at least three coats of paint be used, 
to be followed after a period of, say, five years with two more 
coats, the outer stopping the pores of the inner coatings. Four 
coats of a poor paint with good oil is probably more effective 
than two coats of good paint. The best protected structures are 
those which, like our naval vessels, have a thick coating of paint 
frequently renewed. Unfortunately, however, the coatings on our 
most important structures cannot be frequently renewed. 

The worst cases of oxidation within my knowledge are, first, 
the posts of hand railings near the ocean when the salt mists 
from breaking waves kept them intermittently wet or moist with 
sea water, the moisture being frequently dried out by the atmos- 
phere. After a few years of such exposure the bars are reduced 
to about one-half their original size, and cakes of rust drop or may 
be picked off a quarter of an inch in thickness. When-the outer 
surfaces have become completely oxidized it would seem as if a 
protective coating was formed, so that the decay goes on more 
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slowly. Second, I recall a channel column exposed to leakage 
from a water closet, where the ammoniate action produced 
even greater oxidation than in the case just noted. Rivet heads 
were reduced materially in size and covered with scales of rust one- 
eighth to one-quarter of an inch in thickness, while lattice bars one- 
half of an inch in thickness were, within a few years, reduced to 
about five-sixteenths of an inch in thickness. While such action will — 
not be general, it is quite probable that the iron-work of our build- 
ings may be exposed to leakage of this character, with correspond- 
ing results, unless better coatings than we now have are employed. 

As Mr. Wood says, this question of coatings is most important 
near the seaboard, where the action of the salt air necessarily 
increases the rapidity of decay, and I do not believe we shall ever 
find in any mere paint a suitable protection for iron structures in 
these localities. It will not do to jump at conclusions as to the 
protection of the iron in future suspension bridges, nor to ignore 
the somewhat extensive experiments which have already been 
made by one of our prominent wire manufacturers to ascertain 
whether the electric welding is really stronger and more reliable 
than the screw joint and whether it is really more practicable or 
no more expensive. Modern engineers will be quite ready to 
ignore precedent if exhaustive experiment shall determine these 
questions satisfactorily. Incidentally, it is quite remarkable that, 
with the exception noted, so little attention seems to have been 
given to ascertaining the engineering efficiency of the electric 
weld in wire. 

It would seem that some closer bond than ordinary coating or 
painting and something less porous than paint must be used for 
the adequate protection of metal structures ; something akin to 
galvanizing, in which, perhaps, the closest union of the covering 
to the metal is secured, and for which the surface of the metal 
must be suitably prepared. The Bauer-Barff coating does not seem 
to be entirely satisfactory, partly, perhaps, because the coating is 
not thick enough, and this objection seems to apply with greater 
force to the electrolytic deposit of metals, like copper, nickel, or 
aluminum, as “ rustless coatings.” 

Engineers will watch with great interest the japanning methods 
recently applied on a large scale to some of the greater pipe lines,and 
from which the results are at least encouraging. These methods 
seem entirely practicable for all building and most bridge con- 
struction, while the expense is not greater than one would think 
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it should be. Mere expense must not be allowed to stand in the 

way of the protection of important works; it is protection we 

want, and this given, the end justifies the means, at least so far 
as exposure goes. It costs, perhaps, $5,000 to $6,000 per mile to 
paint our elevated railway structures, and if it costs ten times as 
much the increased expenditure would be justified if the protection 
was but twice as good. 

We err, I fear, in laying too much stress on the preparation of 
the surfaces. Mill scale must be removed with the dust and dirt. 
Pickling, however, is difficult to do, and the weak acid must be 

removed or neutralized. For oxide of iron paints I am inclined to 
think that a portion of the oxide in the iron is amalgamated with 
the paint, and that the paint gets a better hold on the iron for its 
existence if it is not excessive in amount. Many tin roofs are in 
good condition after long years of exposure, and when they decay 
it is generally from attacks on the under side of the tin. Now, the 
rule for tin roofs is to allow a rust coating to form on the surface 
before painting, simply to hold the paint, which is generally a red 
mineral, none too rich in oxide of iron. I do not justify this 
method of painting, but it is so universal as to command atten- 
tion in this connection. Many structures have been quite well 
protected in this country and abroad by the frequent use of good 
red lead, and generally without resorting to extreme methods in 
cleansing the material. The ideal coating is one which, almost 
regardless of first cost, can be easily applied to metal under ordi- 
nary conditions, and which will certainly prevent its rapid decay. 

It will always be a problem, whatever coating is used, to pro- 
tect the connections of pieces which can never be repainted, and 
in which oxidation is most liable to occur from the collection of 
dirt and moisture in and about them. A free and frequent use, 
about these connections, of the coating selected is probably the 
best if not the only relief at hand. 

Mr. L. L. Buck.—I have read Mr. Wood’s paper on “ Rustless 
Coatings” very carefully and was much interested. While I 
would like very much to find such a rustless coating, I do not 
think I could at present furnish anything of much value in dis- 
cussing it. When we shall have taken apart the old cables of 
Niagara Suspension Bridge, I think they will be interesting, as 

‘the wires were boiled in linseed oil, and when the cables were 
being served the interstices were flushed with red paint, though 
I cannot give the name of the paint, as I have been unable to 
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find any record of it. I have heard it spoken of as “Spanish 
brown.” 

Last winter, in blasting for the Gorge Railroad, a rock was 
thrown which struck one of the cables, cutting the wrapping for 
about ten inches in the length of the cable. The wires next to the 
wrapping were clean and smooth. They have been in use for 
upwards of forty years. My experience in coating iron-work with 
raw oil before it leaves the shop has been favorable. The iron 
for the Niagara Suspension structure was so treated and laid out 
on skids all winter, in open air and snow, and during the follow- 
ing spring as well, with no rusting except where a piece had been 
used to slide other pieces on so as to abrade it. The surface also 
received paint nicely. The advantage appears to be that the raw 
oil penetrates the scale and every least crevice better than either 
boiled oil or paint. 

The rusting of the strands at the ends of the cables was due 
to their having been bedded in masonry and to the continuous 
lengthening and shortening of the wires from varying stresses, 
which caused moisture to work in and rust the wire. 

Mr. Wallace Christie—A friend of mine, who is particularly 
interested in this subject, and who has done some experiment- 
ing himself, has written me, in part, as follows: 

I append a series of questions needing to be answered: 

It has seemed to me in what I have said, and in what experiments 
I have carried out, that if acid is not thoroughly removed from 
plate after pickling, it causes rusting to go on underneath the 
painting. I presume there are some approved means of washing 
in lye or hot water in order to remove the acid. I thought it would 
be well to see if there was any information on this point, and to 
know if even these precautions will remove the acid thoroughly. 
It seems as if it would eat into the metal, in any case, a little. 

The second question, I think, will be readily understood from 
the remarks I have made on the first. I have understood that 
acid will injure plate a little, and, of course, if it eats any of the 
metal away there is no doubt of the harmful action. 

I have not seen any items on the cost of pickling, and any- 
thing of that sort would be instructive, taking the ordinary 
thickness of boiler plate for an example.. 

I have heard of the use of the sand blast upon the Clyde to 
clean the plate upon ships’ bottoms before painting, and I know 
of its being used in this country for the purpose of cleaning the 
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cores from castings, but I do not know whether it has been used 
here for cleaning mill scale from plate or not. I had a few small 
pieces cleaned a short time ago in this way, and it left the metal 
the clear-white, silvery color which one recognizes as the pure 
steel, and leaves a very good surface for painting. It looks very 
nice, but the thought occurred to me that if it was so good some 
one in this country must have tried it, and perhaps there might 
be some data upon the subject. 

I have found, in regard to graphite paint, that it is very 
hard to get even the second coating to cover the metal thoroughly. 
I presume it may be due to the lubricating constituents, for it 
crawls and leaves some places entirely bare. I understand it is 
the flake graphite which is used as a lubricant, and perhaps this 
is the kind which will not unite well with linseed oi]. There is an 
amorphous form of graphite which, I believe, is used by some 
concerns in making graphite paint. At any rate, this form seems 
to apply better, but I do not know whether it is due to accident 
or the different kind of graphite used. 

In regard to my experiments, I have not sufficiently far ad- 
vanced to say anything about them. 

My questions regarding the painting of iron and steel are: 

1. What is the best method of pickling metal for the purpose 
of cleaning prior to painting, in order that no traces of the acid 
may be left under the paint to cause rusting ¢ 

2. Does pickling injure the strength, lower the elastic limit, or 
change the chemical composition of steel in any way ? 

3. What is the cost of pickling process per square foot of plate? 

4, Is the use of the sand blast known of or used in this country 
for the purpose of cleaning mill scale or rust from plate 

5. Is it a practical substitute for pickling ? 

6. Why does graphite paint crawl when drying and leave por- 
tions of the plate uncovered ? 

7. Is this just as likely to happen with the amorphous form as 
with the flake graphite ? 

Mr. F. H. Boyer.—The chambers of the iron pumps at Cam- 
bridge during the past year have had to be renewed, the interior 
having given way. By an examination I find that the softening 
is increasing very rapidly since the last report. 

I think the history of the old chain bridge at Newburyport, 
Mass., would be of interest at this juncture. (Fig. 87.) The de- 
scription of this was given in the Scientific American on the 17th 
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of October. I made a personal examination of the bridge on 
Sunday last, and found the following conditions : 

The chain bridge on the Merrimac River, between Amesbury 
and Newburyport, Mass., was built as a single span in 1792. In 
1810 it broke down by an excessive load, and was rebuilt as a 
double bridge in the same year. Original cost about $38,000. The 
chain links are of one inch square iron, welded by a blacksmith, 
welding being in the bend of the link, the metal being upset by 
the process of welding, about 25 per cent. 

In November, 1896, one hundred and four years after the 
making of the chain, the hammer marks are plainly seen in the 
welds. A coating of black paint was put on in former times, but 
nothing has been done in this line for the past thirty years. The 
bridge is located about three miles from the ocean, and salt water 
flows under the structure on the change of the tides. 

I think that it is the ironmaker who should assume the respon- 
sibility of making a rustless and indestructible metal, as it has 
been done, as proven by the description of the old chain bridge at 
Newburyport. 

Mr. Sabin.—I should like to add, further, that the material 
which was on board this boat, which is described in the paper just 
read, was undoubtedly intended for making paint, but it was not 
the kind of material which is in most common use in this country 
for making oxide paints. The ordinary oxide paints are natural 
minerals—ores ground up and dried, frequently roasted at a low 
heat, not above a low red heat. The burnt ore, as it is called in 
England, is a residue from acid manufacture—from burning of 
iron pyrites to make sulphuric acid, and the iron pyrites usually 
contains a small amount of copper pyrites, which crystallizes with 
it, and to the presence of that copper the greater part of the 
action described is undoubtedly due. Now, we do get those 
paints in this country from England. There is quite an importa- 
tion of paints from England. I am not aware that any of the 
American acid manufacturers are making any use of their waste 
in that way. The natural ore paints here are too cheap and 
labor is too high to pay for handling those residues here. 
But we do import quite a good deal—I should say, in my judg- 
ment, the higher grades; and the natural iron-oxide paints are 
not as dangerous as those are. I have myself no high opinion of 
oxide paints. I have placed my opinion on record before in that 
matter. But I do not suppose that an ordinary iron-oxide paint, 
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such as we commonly meet in the market, would have such an 
effect as those pyrite residues. 

Mr. William Kent.—In regard to the eaite welding of wire 
I had a little experience at one time which was very unsatisfac- 
tory. The wire was not nearly as strong in the weld as it was 
elsewhere, and there is a good reason for it not being so strong in 
in the weld. We cannot electrically weld wire without anneal- 
ing it, and as wire is strengthened by the hardening process of 
drawing through the dies, it is far stronger unannealed than it 
is annealed ; so it would be a weakening process to attempt to 
heat it electrically. I do not see how a much better joint can be 
made for wire than the tapered screw joint used on the Brooklyn 
Bridge. 

Mr. E. G. Spilsbury.—In regard to the same matter, we have 
been carrying out quite a number of experiments on electric weld- 
ing for some time past, and it has resulted in our being able to 
guarantee ninety-five per cent. of welds to have about ninety-two 
per cent. of the original strength of the wire. 

Mr. Gustavus C. Henning.—W hat carbon in the steel ? 

Mr. Spilsbury.—Between .45 and .47. We were making these 
tests for Mr. Buck of the East River Bridge. 

Mr. Kent.—Hard drawn wire? 

Mr. Spilsbury.—Hard drawn wire ; what is known as patented 
wire. 

Mr. Henning.—W hat strength ? 

Mr. Spilsbury.—The strength of the wire 1s about 180,000 
pounds to the square inch. 

Mr, Henning.—We made experiments on wire in all kinds of 
joints for the cables of the Covington and Cincinnati Bridge. 
The wire used is No. 6 gauge, .19 diameter. We have tried elec- 
_ tric welding, brazing, and several other methods; brass, copper 
brazing, and different things; and the conclusion has been that 
electric welding is not satisfactory in such a high carbon steel, 
because the steel cannot be in good condition after being subjected 
to the high temperatures reached at the welding point by the 
electric current, and, besides that, about an inch ‘from the weld 
the steel is very much softened by the annealing effect of the 
high temperatures, and the strength of these wires fell from 
5,600 pounds down to 3,500 pounds and less. That is altogether 
inadmissible. Then, by brazing, we found that we could make the 
joint as strong, whether made by the use of copper or brass, as 
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the wire would be when somewhat annealed, but still it would 
lose considerable in strength. However, the coupling as used on 
the East River Bridge has been discarded, except in a few places, 
because it has a great many other disadvantages, and is very 
expensive to make. It requires a complete outfit which costs sev- 
eral thousand dollars, and when you get through with it, it is 
worth nothing; so in that bridge many of the joints are made by 
brazing, as giving the greatest satisfaction, because the loss occa- 
sioned by the brazing was not of any material import, and it 
occurred only once in a great distance; but at certain points, 
couplings were used to join them together. We also tried the 
protection of the metal in the structure against corrosion, and 
after a number of experiments the anchor bars were coated with 
paraffine wax. We found that we could immerse a piece of steel 
with the mill scale on it, for an indefinite period, in the strongest 
acids, provided the paraffine was put on warm. The bar did not 
have to be heated, but the paraffine was put on warm, and it was 
made sure that every part was covered, by simply immersing the 
pieces in the liquid paraffine; while in the bridge the anchor 
bars were left with a little space all around, they having been 
first coated by paraffine before being put in position; all the 
crevices were then filled up by hot paraffine poured in. In the 
bridge the old cables will remain and the new cables are being 
placed above them ; then the two will be united by a proper detail 
to carry the new steel structure and replace the old. This struc- 
ture was built in 1865, and is now being strengthened and en- 
larged ; and although it was finished thirty years ago, there is no 
apparent corrosion. There was a lot of it at some points in the 
anchorage, because, where the wire issued from the masonry, the 
wire was allowed to rub slightly, and thereby the protecting oil 
coating was removed. In that case the wire is only protected by _ 
the galvanizing, as was done in the East River Bridge. But after 
the wire is accepted it is coated with linseed oil, and then when it 
is put in the bridge it is again coated with linseed oil, as a great 
deal of this oil of course is rubbed off in transit, because it requires 
considerable handling. When all the strands are made and the 
wires are squeezed together, the outer wire being also coated with 
linseed oil, the whole cable will be painted with white lead, and 
several coats put on, so that the whole cable will be really sur- 
rounded by an envelope of white lead, and that being flexible, it 
has been found that the change of length of the cable or any other 
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change due to the strains applied by the suspenders transmitting the 
loads does not crack that coating at all, and the result is that the 
cables are perfect, just as has been found in the Niagara Bridge 
cables. No paint will be used at all, and on all the steel work paint 
has entirely been discarded, because all these iron-oxide paints are 
simply worthless, except for the oil that you put in them ; and it 
gives no better chance for adulteration than to use these iron 
oxides, because you never can tell how much there is in, or how 
much has been put in afterwards, and the oxide will not stick, and 
it will often prevent the oil from sticking to the material, and it 
is entirely out of the question in bridge structures or other big 
structures to remove the mill scale from the work. It would cost 
about as much to do that as to build the structure, because if it 
is not done thoroughly and at all points, it is worthless; and to do 
it at all points is very expensive. I think on the Pennsylvania. 
road it is done for fire boxes and boiler plates, because the life of 
the boiler depends on the proper protection, and the steaming 
power also depends somewhat on the clean surface exposed to 
the fire. But in out-door work, undoubtedly, some simple, pure 
material like paraffine or linseed oil has given all the satisfaction 
that is necessary for any purpose. All paints are adulterated. 
Oils are adulterated too. But it is not so difficult to get a pure 
oil as it is to get a pure paint; and all the experience with sus- 
pension bridges, except where the cables have been injured acci- 
dentally or by neglecting the minor details, such as allowing wire 
to rub against hard materials, removing the protecting coating— 
in all those cases, after many years of use, the material is entirely 
free from rust. Cables have been carefully examined in a number 
of cases, and there does not seem to be any difficulty at all. Of 
course that is a special case, and other structures cannot be treated 
in the same manner. 

Mr. H. M. Lane.—I notice the anchor bars were referred to. 
I understood they were immersed in paraffine and no paint is to 
be used. 

Mr. Henning.—They were covered with paraffine, and after 
they were put in the anchorage the whole of the spaces were 
filled up with paraffine, poured in hot, the bars already having a 
coat of red lead put on. 

Mr. K. Torrance, Jr.—Are these brazed wires always reliable ? 
Can you always tell whether a man has brazed a joint properly ? 
I should think an error might come in the workmanship. 
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Mr. Henning.—Of course a man can always make mistakes. 
But so many tests have been made of it, that we know that when 
a joint is brazed well on the edge it is certainly good on the 
inside. It is not like a weld, which might be bad on the inside 
and good on the outside. But if the wire was hot enough to braze 
at all, it certainly was brazed on the inside. If the edge is bad, 
no chance is taken, but it is brazed over again. We find that 
either brass or copper brazing is perfectly satisfactory, and makes 
a wire of uniform thickness everywhere, and never allows the 
wire to catch in passing over the sheaves, in running it over the 
towers, and a great many other difficulties are avoided. We find 
very little difficulty in brazing. 

Dr. Charles E. Emery.—tThe first consideration relative to the 
protection of a metal structure from oxidation seems to be an 
‘examination of the cause of corrosion. If, as has been claimed, 
corrosion is, in the main, due to the small quantity of carbonic 
acid in the atmosphere absorbed by moisture in contact with the 
metal, and the moisture is at times partly evaporated, so that the 
concentrated acid solution attacks the metal virulently, evidently 
the way to protect the metal is simply to cover it thoroughly with 
a substance which will keep out the moisture. Paints of various 
kinds are used for this purpose. The interior of a tube does not 
corrode if the ends are closed, even when not painted, and, where 
the air is dry and current sluggish, corrosion takes place quite 
slowly. I had the great pleasure—in a scientific sense—of study- 
ing these questions when repairing one of the original iron 
steamers built in this country, which had at the time been 
operated in the merchant and government service for over thirty 
years. It was built with simple bar iron for frames, with plating 
held on by clamps bent down over the bars and riveted each side. 
The officers, in cleaning the interior of the hull, found scales 
so thick that they feared their removal would let in water from 
the outside, and some other evidences had caused a feeling of 
distrust as to the safety of the vessel among the officers and crew. 
I inspected the vessel for the purpose of repair, with private 
instructions to keep her going, if I could, with moderate repair, on 
account of shortness of money. I had the vessel docked, and her 
bottom did sound very much like a drum in many locations. 
Confidence was restored by asking the different officers, particu- 
larly those who could not use a chisel very well, to try and cut 
holes through the bottom so that I could inspect the thickness, 
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and, as the plates were without substantial backing, they had a 
pretty hard time. [Laughter.] At the same time I instructed the 
engineers to carefully sound the bottom, and where it seemed 
particularly thin, to cut a hole the size of a rivet and ream it out, 
so that the thickness could be ascertained, and not hesitate to put 
the hand-hammer through the bottom wherever it was reasonably 
possible.. The vessel was built for light draft, probably, with few 
plates exceeding five-sixteenths of an inch, and many one-quarter 
inch thick. Thespace inspected was nearly 200 feet long, and 30 to 
40 feet broad, and a large proportion of this great area was in 
fair condition. Places as thin as one-sixteenth inch were found, 
but were mostly of comparatively small area, and the metal was 
well supported by thicker surrounding metal, so that cavities 
leaving one-eighth inch of metal were not touched. On this basis 
less than twenty patches were required, many of them containing 
only a few square feet, though at a few places a plate as large as 
could be procured was laid over the other sheets and secured at. 
the edges by rivets to the thicker metal. The vessel ran about. 
five years with these repairs, and, finally, about ten years ago, at 
my suggestion, was brought North, all woodwork removed, the 
iron scraped, new angle frames put amidships, other frames 
stiffened by angles, and the hull covered with wood planking 
bolted through the old plates, and occasionally secured by a hook 
bolt over a frame, making practically a new composite vessel, 
which was running at last accounts. 

The original inspection of the exterior and interior of that 
vessel showed what ordinary care would do with an iron vessel 
throughout that long period. At points where there was much 
rubbing of the hull, as in the bilges abreast of the machinery, the 
plates were weakened to the greatest extent simply because the 
paint applied for protection was sooner rubbed off. Forward and 
aft, where the vessel narrowed, at points under the floor and 
behind the ceiling, accessible with difficulty, masses of what 
appeared to be rust over two inches thick were found, and on 
ordering the men to break them loose, they feared their chisel bars 
would go through the bottom, but were told to proceed neverthe- 
less. Instead of finding a hole, the iron under these masses was 
generally found in fair condition, and the masses represented 
masses of rust, paint, and whitewash which had accumulated from 
- year to year with the desire to keep everything clean and covered 
up for neatness and protection. From these illustrations we see 
18 
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the philosophy of the protection of iron, and one of the papers 
has stated it in substance. We must keep it covered and prevent 
the air from reaching it. Linseed oil is an important component 
part of good paint, but it does not follow that it should be used 
without a pigment. In drying, linseed oil becomes very porous ; 
in fact, under the microscope it resembles a piece of tripe. The 
principal object of the pigment is to fill the pores, and the finer 
the pigment the better they will be filled and the more nearly 
water-tight the paint will be. Lampblack is an ideal pigment for 
some purposes. On iron plates which have laid about for a con- 
siderable period before use, the black letters and distinguishing 
marks remain frequently after all other paint is destroyed; but 
ordinary paints require more body, and, notwithstanding the 
great variety for selection, good red lead is most favorably con- 
sidered and most frequently employed in naval work, particularly 
for direct application to the iron, and a second coat, made largely 
with white lead, is applied with another pigment to give the 
desired color. The old ship had no scientific care. As soon as 
rust appeared or the surfaces became dirty they were painted ; 
some parts were whitewashed. Again, when painting was ordered, 
the sailors were careless, and painted over the whitewash ; but the 
result was that the air was kept from the plates in the least 
accessible part. of the vessel, and they were protected. The same 
principles should be applied in protecting other structures. If a 
rust spot appears, scrape it and paint it. Keep the iron covered. 
If the paint is mixed properly, it can best be applied by common 
laborers, as it is the business of skilled painters to make a finish 
and save paint. 

Mr. Wood.—Reference has been made to the decreasing of 
strength in the electrical welding, and as Mr. Spilsbury thinks 
that possibly it runs from 92 to 98 per cent., 92 being the limit 
of the reduction in strength, that amount of the original strength 
of the steel is left ; and the advocates of the screw couplings are 
equally strong that that is the proper way to join it, and yet 
what is the strength of the iron left after the screw coupling is 
put together? Certainly the threading of the wire enough, there 
being no upset, to get the full depth or strength of the wire at 
the bottom of the thread must weaken it, and where it cannot be 
screwed beyond the last thread of the wire and the first thread of 
the coupling, there is the element of weakness and the nick which - 
any little strain will start as a fracture, and yet that coupling will 
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have the same percentage of strength as the wire; and I never 
have been able to ascertain from the Brooklyn Bridge people the 
tests on that point. I think Dr. Emery has been in a better posi- 
tion. Possibly from memory he could recall what that is—the 
strength of the screw coupling tested after the wires are joined 
as compared to the strength of the whole wire from which that 
coupling is made. 

Dr. Emery.—\ think that has been stated by Mr. Henning. 
They ran up to 96 or 97 per cent.—very near the ultimate 
strength. 

Mr. Wood.—That I understood was the brazing method. 

Mr. Henning—No, sir; it could not be done with brazing. It 
is done with screw coupling for the reason that the thread is 
tapered ; being a special thread, it runs out to nothing, so that the 
first thread on the wire is very shallow and practically runs out, 
and it weakens the wire very little; at the end of the wire there 
is a full thread. 

Mr. Wood.—I know that the ends of the wire in the Brooklyn 
Bridge were tapered under the supposition that as they screwed 
them together the tapers would slip by each other and you would 
get a further admission for the wire than you would with a plain 
end, and it was thought that the bruising of the wires, as these 
scarfed joints slipped past each other, also added to the strength 
of the joint. That position I never have been willing to concede. 
I think that the couplings would have been equally strong and 
would have endured as much fatigue and service if the end of the 
wire had been cut off square and it had simply been screwed to- 
gether butt to butt, or so far as the last taper of the wire would 
have allowed it to enter the couplings. 

Mr. Henning.—The ends of the wire were bevelled, because in 
running around the sheaves the wire couplings would untwist 
occasionally and fall into the river; but by bevelling the two 
ends—they had about a sixty-degree angle—it prevented the wire 
from uncoupling. The coupling was turned on to the wires, 
having right and left threads; the wires were not turned into the 
coupling. When the ends overlapped there was nothing to undo 
them except to hold the two wires and reverse the coupling. It 
was simply a means for preventing the wires from uncoupling in 
drawing them over the river. 

Mr. Wood.—VDo you think there was below 97 per cent. of the 
strength of the wire, on an average ? 
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Mr. Henning.—My recollection is that 92 per cent. was 
reached. The strength of the wire was frequently only 83 per 
cent. 

Mr. M. P. Wood.*—Mr. Sabin calls attention to the dangerous 
qualities of the oxide of iron paints made from burnt ore (as 
per the case of corrosion cited in the paper), and which contain 
notable percentages of copper salts as well as free sulphuric acid, 
both active agents not only of corrosion to the metallic surfaces 
coated with them, but they are also the cause of the decomposi- 
tion of the oil or other vehicle with which the pigment is mixed. 
These burnt-ore paints are imported to this country and used to 
the extent of hundreds of tons yearly, entering the field of com- 
petition with our own manufacture of iron-oxide paints made 
from ground hematite ores, the roasting of which is not alone to 
expel the moisture, but the sulphur which all such ores contain. 
Both the burnt-ore and hematite-ore paints are of a dirty, purplish- 
brown color, unattractive to whatever structure, wood or iron, 
they may be applied. 

The oxide of iron pigment derived from the roasting of cop- 
peras, the bye-product from wire manufacture, is by far the 
brightest and most attractive in color of all of the iron-oxide 
paints, but, like all the other kinds of oxide pigments, contains 
a large per cent. of free sulphuric acid not expelled by the 
roasting process, and, to correct the injurious character of 
which, the paint-makers mix carbonate of lime with the oxides, 
the acid being in a measure neutralized by changing the 
carbonate to a sulphate of lime, an inert substance that in its 
native state is sometimes used as a cheap pigment by reason of 
the ease with which it is ground and incorporated with the oil, 
and its neutral character in combination with other pigment 
substances. It is well to note, however, that the paint chemists of — 
our leading railways, who use mixed paints by the hundreds of 
tons yearly, test these oxide of iron paints, and where over a given 
percentage (generally five) of sulphate of lime is present, condemn 
the invoice on account of the perishable nature of the adulterants. 
Inasmuch as the production of iron-oxide pigments in the United 
States for the year 1896 amounted to 75,219 short tons, in addi- 
tion to some 10,000 tons imported, it shows the extensive charac- 
ter of their use for all paint purposes on wood and iron structures 
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of high and low degree, and no doubt the higher class of these 
iron structures get their share of it. : 

Mr. Nichols remarks that graphite paints are liable to run and 
are uncertain in covering power from this cause, and attributes 
this difficulty to the lubricating nature of the foliated graphite 
used for the pigments. Foliated graphite is hard to grind to the 
requisite degree of fineness for a good pigment. The advocates 
of graphite paints lay much stress upon the ideal character of 
the foliated pigment, lapping and overlaying each other like the 
scales of a fish; but a sample of this ideal coating under the 
microscope shows the said scales to lie in all conceivable directions 
without any reference to each other as a protection for the covered 
surface. This ideal coating is rather mythical in character when 
taken in connection with the fact that the manufacturers adver- 
tise as a special brand of their graphite products a silica graphite 
which contains a notable per cent. of ground silica incorporated 
with the foliated graphite, and is supposed to correct the want of 
covering power or tendency to run which the foliated graphite 
labors under. And so it does in a measure; but it is safe to say 
that could the graphite manufacturers use their scrap material, 
unsuitable for pencils, crucibles, and other purposes, in any other 
form than as a silica-doctored pigment, they would do so and 
not risk a comparison of its merits with a sample of amorphous- 
graphite pigment prepared from nature’s ore, which will not only 
grind finer than any silica-foliated graphite sample, but will mix 
better with the oil, dry quicker without running, dry harder, 
and prove more lasting in every respect, and, furthermore, con- 
tains no acid to be cajoled into innocuous desuetude, or into inert 
substances to be easily broken down to lower and decaying ele- 
ments, and which has no injurious effect upon the oil to hasten 
within itself the process of decomposition and decay. 

Mr. Nichols remarks that for wire suspension bridges the wires 
need some coating more durable than paint coverings, and that 
galvanizing seems to be the best coating for this purpose. This 
is, no doubt, correct for ordinary steel or iron wires ; but to secure 
the maximum of strength with the minimum of weight the use 
of high carbon crucible steel oil-tempered wires will be requisite, 
and as galvanizing, as well as the electric welding or copper sol- 
dering of ‘the joints, appears to reduce the strength of the wires 
materially, the screw joint must be adopted, with a cold process of 
electro-deposit of zinc or copper as the protective coating, similar 
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to the Cowper-Cowles process, in use at many shipyards in Eng- 
land for the coating of the frames of torpedo boats, which is fully 
described in the Transactions of the American Society of Mechan- 
ical Engineers, Vol. XVI., 1894, paper number 626, p. 365. 
This cold process, when zinc is used as the protective coating to the 
metal, is called zincing, and does not affect the strength of the 
wire by annealing it, but leaves it at the original strength of that 
due to the oil tempering. Furthermore, it avoids the difficulty 
experienced in all hot galvanizing processes. The formation on 
the surface of the metal of a thin film of the basic chloride of 
zinc, Which material is of a hygroscopic nature, acts as a repel- 
lent to prevent the close adherence of the paint to the metal, and 
the paint dries as a skin over it. This action is due to the sal- 
ammoniac bath, necessary in all hot galvanizing processes. A 
remedy for this tendency of the paint to peel off is given in paper 
No. 626, p. 360. 

In the electro-deposit of copper by the Cowper-Cowles or 
other cold processes for the protection of wire surfaces, complaint 
has been made of the porous nature of the copper deposit. This 
difficulty is easily overcome by redrawing the wires as a final 
process before painting them and placing them in the cables. 

Mr. Buck’s remarks upon the apparent good condition of the 
wire cables of the Niagara Falls Suspension Bridge are of interest, 
as the writer has been and is at variance with him upon this special 
point of protection from corrosion of all wire and other metallic 
surfaces thus coated. Mr. Buck states that the wires in the Niagara 
Bridge were boiled in linseed oil (evidently as they came from the 
wire manufacturer in coils) and subsequently were treated with 
raw linseed oil when laid out ready to assemble into the cable, and 
finally at the time of placing them in position were served with a 
coating of (presumably) Spanish brown paint, and then wrapped 
with an iron wire and white lead-paint covering. Mr. Buck also 
states his preference for the use of raw linseed oil as a protective 
coating for metallic surfaces, as the oil penetrates or soaks into 
the mill scale of manufacture, etc. The writer’s experience points 
to the direct contrary conclusion. Mill scale is a ferric oxide which 
is hard enough to scratch glass, and is often used to clean and polish 
metallic surfaces. Formed upon the surface of any metallic body, 
it is as impervious to the soak-in action of any paint or oil coating 
as the metal plate itself. It may be coated with oil or paint, and 
if the scale is loose from the metal or free in spots, the oil may 
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work in between the scale and the metal, but the very hardness 
and impervious character of the scale will prevent any subsequent 
drying of paint or oil by preventing access to the air, from which 
all the effects of drying or resinification of the oil are due; the 
external part of the oil coating dries and leaves the enclosed film 
of oil as tightly sealed as though it were in a jug. Linseed oil or 
paint does not dry in a closed vessel, however long kept. It needs 
and must have air to induce the hardening of the coating, whether 
a pigment is mixed with it or not. Mill scale should have no 
part or parcel in any protective methods adapted for the protec- 
tion from corrosion of any structure the cost of which is reckoned 
by thousands of dollars, and much less so when the cost is reckoned 
by the millions. 

Raw linseed oil contains from five to eight per cent. of water 
and impurities called “ mucosities,” composed of vegetable albu- 
men and mucilage, which prevents drying. Raw linseed oil requires 
from five to six times as long to dry as the same oil which has been 
boiled by heat, which evaporates the water in the oil and throws 
down the impurities in it. These impurities, unless removed, are 
the first to decay, and add the acids of decomposition to destroy 
the oil in the paint coating. No pigments added to the oil will 
prevent this decomposition of the impurities. They may delay 
its action, but cannot prevent it. The changes in linseed oil due 
to its boiling are quite complicated, and have not been clearly 
defined by analytical chemists. We do know, however, that 
during the process of boiling, the addition of sulphate of zinc 
throws down the “ mucosities” to a notable amount, and the 
further addition of peroxide of iron (umber), litharge (protoxide 
of lead), minium (red oxide of lead), peroxide of manganese, and 
other compounds, being of themselves oxidizable in combination, 
act catalytically in increasing the oxygen-absorbing power of the 
oil. Without this purification of the oil the manufacture of 
linoleum would be impossible. The addition of about one per 
cent. of the above oxidizing elements to the oil, and boiling for 
about five hours at a temperature of 350 degrees Fahr., aided by 
the injection of a current of air during the boiling process, evapo- 
rates the water, throws down the “ mucosities,” evolving in the 
process large quantities of the fumes of acrolein, that are not only 
injurious to inhale, but are corrosive to iron. The oil gains in 
weight during the process, being lighter than water before boiling 
and heavier than water after. This purified oil applied to scrim 


2 


| 
|| 
| 


280 RUSTLESS COATINGS FOR IRON AND STEEL. 


(cotton cheese-cloth) dries in twenty-four hours to a resinous, semi- 


elastic, caoutchouc-like mass from the rapid absorption of oxygen 


from the air, forming oxylinoleic acid (C,,H.,O;). The accu- 
mulation of this plastic mass upon the scrim is continued until 
it reaches three-quarters of an inch or more in thickness, when it is 
ready to be incorporated by grinding it with the ground cork 
which makes with it the linoleum of commerce. The oil gains in 
weight, as applied to the scrim, from eleven to sixteen per cent., 
and Sace reports cases in which the gdin in weight was nearly 
fifty per cent. after complete resinification. When the linseed 
oil is cold-drawn and pure, and the boiling and other processes are 
carefully conducted, the scrim mass is insoluble in ether, alcohol, 
chloroform, and carbon bisulphide ; even boiling naphtha only dis- 
solves a trace of it. Treated with naphtha under pressure in a 
steam kettle, it only softens, and can be worked as a paste when 
in this condition. The only action which dilute acids have upon 
it is to dissolve a small quantity of the oxide of lead used in it as 
a drier. Hydrochloric acid dissolves it only slowly, while concen- 
trated sulphuric and nitric acids dissolve it rapidly. 

This oxidizing change in the linseed oil, carried to a lower 
degree than for use in linoleum, is what we get as a vehicle or 
medium for our paint compounds. That the vehicle protects the 
pigments from decay is without question, particularly where the 
pigment is made from the argiliferous substances, like Spanish 
white (prepared chalk), Spanish brown (an earth, principally clay, 
like potters’ clay, of a reddish-brown color, due to the sesquioxide 
of iron), and other inert mineral substances which are easily broken 
down or decomposed by moisture. 

If the pigment is made from harder materials than the above 
substances and contains amorphous graphite, silica, barytes, ground 
slate, and kindred substances which are impervious to moisture, the 
protective qualities of the paint are then due to the mutual rela- 
tions of both the oil and the pigment. The outer coating of the oil, 
when worn away by atmospheric conditions, exposes the finely 
ground, angular, and practically indestructible grains of the pig- 
ment which protect the inner layers of the oil from wear, much 
as sanding the coat of a freshly spread paint extends the life of 
the paint coating. Asa rule, the poorer the paint the more need 
of its sand dressing. A modification of this sand dressing of 
paint is extensively used in.all of our modern naval iron vessels, 
where ground cork is applied to the freshly painted surface to 


. 
i 
4 
i 


RUSTLESS COATINGS FOR IRON AND STEEL. _ 281 


prevent condensation and deposit of moisture upon the walls and 
inside surfaces. 

Mr. Boyer’s citation of the freedom from corrosion of the chain 
suspension bridge at Newburyport, Mass., erected 104 years ago, 
and not painted during the past thirty years, is of interest. It 
shows the preservative qualities of a good linseed oil (that, no 
doubt, was pure) and a lampblack pigment—a combination as 
nearly indestructible as any paint can be. Spanish black (charred 
cork ground) is also a meritorious pigment for such structures. 
Both afford a most excellent groundwork for any subsequent 
paint coating where color or zsthetic effects are wanted. 

The writer is pleased to add the testimony of Mr. Sabin—of na- 
tional reputation as a chemist—to the deleterious and fictitious 
value of oxide of iron pigments applied for the prevention of 
corrosion to metallic structures. The compound oil, varnish gum, 
and asphalt coating mentioned by Mr. Sabin is one of the most 
durable protective coatings which can be devised for coating metal- 
lic surfaces. That it can be baked at a moderate heat into a 
japan or enamelled surface, firm and hard, filling every crevice, 
however small, of the coated surface, a coating which resists acidu- 
lous fumes and liquids, is of extreme value. An added recommen- 
dation is that a modified compound which can be applied with a 
brush as a paint has nearly the same protective effect as the 
japan quality. 

The importance of an easily applied and efficient paint coating 
for all ferric bodies other than for first-class building, railway, 
and bridge structures is exemplified in many instances. At a late 
meeting of the American Gas Light Association Gen. J. P. 
Harbinson, engineer of the Hartford, Conn., Gas Light Company, 
reported that the wrought iron service pipes laid by that company, 
and in use about forty years, had in many cases completely disap- 
peared, the service being a core of earth and rust. Other gas en- 
gineers report similar conditions under twenty years of use, and 
that the leakage of gas is frequently twenty-five per cent. of the 
quantity manufactured, the loss being principally due to corroded 
service pipes. The use of galvanized iron service pipes is giving 
somewhat better results. General Harbinson thinks twelve years 
a fair life for such pipes, much depending upon the nature of the 
soil in which the pipes are laid. Pipes laid in made soil composed 
of ashes, street sweepings, etc., are seriously affected in a short 
time, principally where the threads, cut, have exposed the metal. 
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Ordinary paint compounds, with which the screw joints are made, 
soon waste away from the acids, ammonia, etc., in the soil, and 
corrosion is localized and hastened. 

Gen. Alfred Hickenlooper, president of the Cincinnati Gas 
Light and Coke Company, reports a similar condition and cor. 
rosion of service pipes in his city. He has used a special coating, 
devised by himself, to correct this evil. The pipes are first 
brushed with stiff steel brushes to remove all the mill scale possi- 
ble; then the ends are plugged, and the pipes immersed in the 
following mixture and manner: Twenty gallons of coal-gas tar 
are brought up to a boiling heat for a short time to evaporate as 
much of the water, acids, ammonia, etc., then twenty pounds of 
freshly slacked lime are sifted in from the top and well worked 
down. Boil down to a paste or a consistency about midway be- 
tween tar and pitch. Let it settle for a short time, then add four 
pounds of tallow and one pound of powdered resin; stir until 
thoroughly dissolved and incorporated with the tar, then let it 
cool and settle. Ladle off into barrels. When ready for use, to 
each barrel of forty-five gallons of the above mixture add four 
pounds of crude rubber dissolved in turpentine to the consistency 
of thick cream. Heat the mixture to about 100 degrees Fahr., 
and immerse the pipe, previously heated to about the same temper- 
ature. After a few minutes’ immersion the pipes are taken out 
and laid upon a pipe rack to harden and dry. When the pipe is 
laid in the trench the screwed ends and other parts of the pipe, 
where the coating has been injured by handling, are served with 
a heavy coat of the same mixture, which is also spread over the 
whole length of the top of the pipe as an extra coating. These - 
_ pipes, thus treated, have been in use for some ten years and are 
in perfect condition. The United Gas Improvement Company 
and other large gas companies have adopted the same method of 
protection for their service pipes, with apparently equally good 
results. The failures thus far reported show that the process was 
not to blame, but rather the lack of thoroughness or intelligence 
displayed in its application. The latter difficulty is found to exist 
in the use of almost all protective methods for the preservation 
of metallic bodies. Haste makes waste wherever “ rush the work” 
is the slogan. 

In connection with this subject it may be of interest to cite 
that the city of Philadelphia, with municipal control of the gas 
supply at one dollar per thousand cubic feet, from the official 
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reports of the Gas Bureau, has lost in the past ten years $5,750,- 

000 from leakage, and the average loss in the past five years has 

been at the rate of 2,000,000 cubic feet per day on this account, 

and at present the loss from unaccounted-for gas is $3,000 daily. 
A late examination of the gas system of Philadelphia by a num- 
ber of the best gas engineers in the United States is to the effect 
that every thousand cubic feet of gas made costs the city $1.36, 
for which only $1 is received. 

Some recent experiments to determine the difference in corrosion 
of wrought iron and soft steel have been made by the Riverside 
Iron Works, with the following results: A piece of iron plate 
and soft steel plate, both suitable for boiler tubes, were made 
clean and bright, and were then placed in a sandy loam with 
which had been thoroughly incorporated some sodium carbonate, 
sodium nitrate, ammonium chloride, and magnesium chloride. 
The earth thus prepared was kept moist. At the end of twenty- 
three days the plates were taken out, cleaned, and weighed, with 

these results : 


Soft steel, loss by corrosion. .............eeseeceeee 0.72 per cent. 


The pieces were replaced in the earth and left for twenty-eight 
days longer, or sixty-one days in all, with these results : 


Steel, total loss by corrosion..................s0005 1.79 per cent. 


Mr. Henning’s description of the methods employed on the 
Cincinnati Suspension Bridge to prevent corrosion are well wor- 
thy of record for the information, if not for the instruction, of 
the coming engineer successors in the trust for the care of the 
structure. That all paint compounds were discarded for the use 
of oil alone (Mr. Henning does not say whether it was raw oil or 
boiled ; in the latter case the writer hopes it was not of the 
“bung-hole boiled ” variety) seems almost incredible. That the use 
of the iron-oxide pigments was not permitted on the structure was 
a commendable decision, and one in keeping with the record from 
past experiences of the United States Government Construction 
and Repair Bureaus and of other engineering departments con- 
nected with our important railway lines. But why oil alone was 
adopted for the protection of the metal-work is beyond conjecture. 

The absorbent nature of linseed oil without pigment has been 
frequently mentioned in these rustless coating papers, and in the 
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writings of the best paint chemists of the day, and need not be 
recapitulated. 

Notwithstanding the testimony of Mr. L. L. Buck and Mr. 
Henning and other engineers as to the value of either raw or 
boiled oil without pigment for the preservation of the wire and 
other surfaces in the suspension bridges thus far erected in this 
country, the writer is still of the opinion that its use was inad- 
missible for the purpose, and in the lapse of years will be found 
as having proved actually detrimental. Had any experimental 
coating of oil alone been applied to a piece of wire in a number 
of successive coats, until a heavy coating had been obtained, and 
the sample then been exposed to the action of the weather 
in a storm of such duration as is of frequent occurrence, then 
by the application of a little pressure the skin of the oil would 
have cleaved from the metal covered as easily as the bark of the 
willow used to slip off when in our youthful days we used them 
for our whistles. 

The adulterations in the oxide of iron pigments mentioned 
by Mr. Henning were no doubt earthy matter and clay present 
in the ores at the time of roasting them to drive off the sulphur 
and water preparatory to grinding. The analysis of these iron 
pigments is not a difficult or long process, and is easily performed. 
If adulterations are found and the sample iron pigment is con- 
demned, the writer can see no reason therefrom to condemn all 
coatings or pigments, particularly with the samples of other 
paint compounds, and the data in regard to the same presented at 
the Detroit meeting, June, 1895, of this Society, and comprising 
a part of paper 637, Vol. XVI., pages 681-2 and 700. These 
show that reliable paint coatings are in the market, and can be 
had at a reasonable cost. 

Mr. Henning thinks that the removal of the mill scale from 
the metallic work of our important structures is impossible, 
owing to the probable expense of its removal being equal, or 
nearly so, to the cost of building, etc. While no accurate data 
from actual work upon bridge or other large, first-class structures 
are available for a reliable statement as to the actual cost of 
removing mill scale, either by the pickling process or by the 
sand blast, or both combined, according to the size of the pieces 
handled, the writer’s data vary from one-tenth cent to one-half 

cent per pound for all of the material, large and small parts, 
when thus cleaned and ready for the painter. 
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Certainly any structure of the magnitude of the Firth of Forth 
Cantilever Bridge, which cost over fifteen and a half million dol- 
lars, and which has a hundred and forty-five acres of exposed 
metallic surface subject to corrosion, and which requires nearly 
one hundred tons of paint to cover it one coat, is well worth some 
preliminary expense for the removal of an acknowledged detri- 
mental element in the form of mill scale, as well as some effort 
to provide that the foundation paint coatings, laid on while under 
shelter and under good, warm, drying conditions, are of such 
character as will reasonably insure success, regardless of cost. 
The proposed Hudson River Suspension Bridge is of equal impor- 
tance from an engineering point, and will cost even more than 
the Firth of Forth structure, and have about as much metallic 
surface exposed to corrosion. 

However well protected the cables proper in the Niagara Falls 
and the Brooklyn Suspension Bridges are by reason of their 
external wrapping of wire and white-lead paint, certainly no 
engineer can inspect the condition of the truss-work of the 
Brooklyn Bridge and the inroads which corrosion is making upon 
the strength of the same in those portions of the trusses upon 
which the whole rigidity and carrying strength of the cables 
depend, without a regret that more effective methods of protec- 
tion were not adopted in the beginning, and a hope that future 
constructions may be benefited by the example. The cost of 
renewal of these trusses in the immediate future, the delay in the 
traffic intercourse between the two cities, the loss of money and 
time by reason of this delay, may well warrant the public in clos- 
ing down upon all financial aid or countenance of the project 
until assured that the money contributed either in the form 
of bonds or taxes to build these structures is at least going to 
receive an intelligent engineering consideration, unbiased by any 
fads or from any interested pecuniary standpoints. 

No protective coating for these important structures should be 
left to the choice of a so-called master painter, nor receive any 
consideration from the bridge engineers, in their specifications 
for painting them, from any paint manufacturer who is unwill- 
ing to file with his proposals a full analysis of his pigments, 
oil, or the combined and mixed coating proposed. The alleged 
trade secrets in the preparation of most of the protective coatings 
of commerce are few and far between, and such scare-line pre- 
fixes as “Permanent,” “ Petrifying,” “ Platina,” “ Diamond,” 
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“ Electric,” “ Seale Armor,” etc., etc., paints are only unjustifiable 
advertisements. 

Mention has been made in a previous paper (Vol. XVI., paper 
637, p. 684) that the Society for the Promotion of Useful Arts, 
Berlin, Germany, had offered a silver medal and a cash prize of 
£150 for the best paper giving a chemical ‘and physical analysis 
of the iron oxide and other paints in general use for anti-corrosive 
purposes, and the hope was expressed that some definite con- 
clusion or formulz might result from the varied data and 
wide competition papers and the discussions had upon them. 
But the medal and cash prize were withdrawn, none of the papers 
presented being deemed of merit enough to warrant their issue; 
but from the papers presented a few were selected for honorable 
mention. Among these is the essay by J. Spennrath, Director of 
the Technical School at Aix-la-Chapelle, translated and published 
by the Railroad Car Journal of New York, 1896, which will be 
found of interest to all engineers who have metallic surfaces to 
paint, if not to protect from corrosion. As a sequence to the 
agitation of the rustless coating question, anti-corrosive com- 
pounds and communications have been showered upon the writer 
for the last two years. Out of all these there are two which are 
deemed worthy of record, and these have not been experimented 
upon by the writer. 

“ Uniter ” is the name of a new transparent solution for coating 
galvanized iron preparatory to its being painted. When the paint is 
applied after the “ uniter” has been put on, it adheres permanently, 
and is said not to peel off, as is usually the case. The reason which 
is given for this is the strong affinity which the solution has for 
both paint and zinc. The application of the solution it is claimed 
does not in any way cause deterioration in the zinc and all oxida- 
tion is prevented. The solution may also be used on black sheet- 
iron, bridge-work, bright iron-work, locomotive and other con- 
structional iron-work. The analysis of the solution is not given. 

A new process for the protection of iron structures against 
corrosion has been suggested by a German chemist, M. Deninger, 
of Dresden. It consists of treating the iron with a solution of 
ferrocyanide, which forms a coating of cyanide of iron uniform 
and impermeable to water, and is of such a nature as to pro- 
tect effectively the iron covered. The solution applied on a large 
Scale is reported to have already given good results. The method 
of application is as follows: 
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The solution is mixed with a linseed varnish (proportions not 
given), to which has been added a little turpentine or benzol, so as 
to cause a homogeneous emulsion which can be applied with 
a brush or mop without difficulty. The evaporation of the 
solvent leaves the varnish, which forms a coat protecting the 
cyanide of iron which is deposited upon the metal. There is no 
necessity for previously preparing the iron to be coated in any 
way beyond the removing of the beds of rust which are too thick 
to admit of the action of the ferrocyanide. Oil paints are applied 
over this coating in such colors as are desired, and bond well 
with the protective coating of varnish without any tendency to 
peel off. 

Dr. Dudley, chemist for the supply department of the Pennsyl- 
vania Railway, and other paint chemists, speak very favorably of 
the use of the P. & B. brand of paint for applying to galvanized-iron 
surfaces to prevent the peeling of the subsequent paint coatings. 
Its solvent is the bisulphide of carbon, an extremely dangerous 
substance to use from its inflammable nature ; the fumes given off 
in drying are also injurious to the workman, and if inhaled for a 
short time in a confined space produce paralysis, insanity, and 
even death. There are other paint or solution compounds which 
are equally effective to prevent peeling that are not dangerous to 
use. 

A late communication has been received from Mr. Emil Gerber 
(member A. S. C. E.) relative to his paper presented at the May 
_ meeting, 1895, of that Society, “ Preservation of Iron Structures 
Exposed to Weather,” and mentioned in the writer’s paper 637, 
Vol. XVI. (June, 1895), pp. 686-688, in which iron-oxide paints 
were compared with red lead or other paint compounds as to their 
respective protective powers against corrosion. Mr. Gerber objects 
as to the inferences drawn as to the meaning of his words “ ex- 
posed to air,” which the writer rendered “ sea air,” and he (Gerber) 
wished it corrected, as per his letter of December 26, 1896, “ that 
he did not distinctly say ‘sea water’ nor ‘sea air, ” a correction 
which I gladly make, as the structures in question are evidently 
in need of some fostering care to extend their life to a reasonable 
age, even to the extent of taking them in out of the wet and only 
permitting their use in fair weather. 

Mr. Gerber thinks the word “often” should be prefixed to 
“ unknown,” as used in reference to his paper in a comparison of 
the qualities of iron oxide and red lead as to the purity per se 
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of the two pigments. Now the substances commonly used to 
adulterate red lead are boles or brickdust for color, and heavy 
spar or barytes to give weight, both practically indestructible and 
unchanged in nature by the addition of any oil or solvent in the 
medium, and but limited amounts of these can be added without 
seriously affecting both the weight and color of the pure red lead, 
,and are easily detected. The difficulty and cost of grinding the 
hard burnt brick and barytes to the requisite degree of fineness for 
a pigment prevent any liberal use of these adulterants. Any num- 
ber of pounds or samples of dry red-lead pigment will, as a rule, 
contain less impurities than a like number of pounds and samples 
of the commercial oxide of iron pigments, in which the range of 
stuffing comprises almost every substance between a chalk cliff 
and an anvil. 

Mr. Gerber’s criticism upon the effects of the corrosion in the 
steamer Glenarm, in the face of Mr. Courtney’s (chemist) analysis 
and statement of the cause of the corrosion, is rather a lame 
attempt of an iron-oxide advocate to get over or around a danger- 
ous snag. The writer was in hopes to have had an analysis, to 
present in this paper, of the crude burnt-ore pigment in question, 
with a statement from Mr. Courtney as to what extent this burnt 
ore is used for pigments or paint purposes, but will endeavor to 
present it at a future meeting; also, if possible, an analysis or 
description of the paint coating used on the engine work which 
withstood the concentrated action of the sea water and iron oxide 
ore solution. The writer has no doubt but that the paint used 
upon the engine ironwork which protected it from corrosion was 
the same burnt-ore oxide pigment used with a good linseed oil. 
In this case the oil protected the pigment perfectly, as is not 
unusual. In fact, if we know the influences to which a paint coat- 
ing is to be subjected, we may determine in advance whether it will 
be durable or not. The pigments of an oil paint can always be so 
chosen as to preclude the destruction by them of the coating, but 
there is no remedy if any injurious influences attack the binding 
material. 

Mr. Gerber mentions the iron floor beams taken out of the 
old Chicago post-office, which is at least of age (whatever that 
may mean), and which had been religiously painted (creed of the 
painters not stated) with red lead after first having received 
a coat of iron oxide (presumably from an unorthodox brush). 
These beams were in a pretty good condition, and in the best 
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condition where the most oxide of iron was present in the shape 
of paint. 

Under normal conditions attendant on their use in a building 
maintained at an approximately equal temperature for the whole 
period of their age, without exposure to weather or any atmos- 
pheric changes, they should have been in not only pretty good 
condition, but most excellent, and instead of a measured life of 
fifty or one hundred years, should be in prime order at the end of 
five hundred or more years. The iron-oxide paint in this case no 
doubt protected the mill scale from any moisture, and the red-lead 
coating protected the iron-oxide paint from the same destructive 
element, and, as it were, had a double duty to perform. The 
beams no doubt would have been in better condition if no iron- 
oxide coating had been applied, and both coatings been made 
from the red lead even if applied over the mill scale. 


™ 


STEAM-ENGINE GOVERNORS. 


DCCXIV.* 


STEAM-ENGINE GOVERNORS. 


BY FRANK H. BALL, PLAINFIELD, N. J. 
(Member of the Society.) 


WHATEVER may have been true at any stage of the develop- 
ment of the steam-engine governor, it can no longer be said that 
little or nothing has been accomplished since the time of Watt. 
In fact, when the perfected mechanism of to-day is compared 
with the primitive device of Watt (which did little more than to 
limit the maximum speed), it is doubtful if any other part of the 
steam engine has made more progress. 

The original conception of a governor seems to have been the 
familiar type of mechanism in which a pair of swinging weights 
are made to revolve around a vertical spindle in such a manner 
that their centrifugal force is opposed by gravity, any excess of 
either force resulting in a swing of the weights toward the 
greater force, thereby effecting a corresponding change of the 
steam supply by means of suitable connections. 

The governing forces of this simple mechanism consist of 
centrifugal force opposed by gravity. Familiar modifications 
of this construction are provided with springs as a substitute 
for gravity, or to supplement it in producing centripetal force. 
Shaft governors, or shifting eccentric governors, represent an- 
other type where springs are used to oppose centrifugal force, 
and the introduction of this class of governors initiated an era 
of active development which has resulted in marvellous progress 
toward perfection, both in design and performance. 

It is noticeable, in reviewing this art, that among all the varied 
forms of governors which have from time to time made their 
appearance, none have survived for any extended period which 
did not utilize centrifugal force as a prominent actuating 
force. 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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The resistance of fluids as a substitute for centrifugal force is 
one of the systems which have been “weighed in the balance 
_ and found wanting.” 

Another interesting theory which was exploited in connection 
with shaft governors, but never passed beyond the theoretical 
stage, is the substitution of the resistance of the load, or the 
pull of the belt, for centrifugal force in controlling the steam 
supply. 

A modification of this dynamometrical device appeared in 
1883, in which it was combined with a powerful centrifugal gov- 
ernor and made to act in conjunction with centrifugal force, and 
remarkable results were thus obtained, which, in some respects, 
have never been surpassed. 

Simpler devices have since been developed in which centrifu- 
gal force is supplemented by other accelerating forces, com- 
monly called “inertia,” and the more complicated dynamomet- 
_ vical construction has ‘been superseded; but it must ever be 
considered the first important step toward the modern refine- 
ment of performance. 

Recent activity in this field of engineering has been in the 
direction of the recognition and utilization of accelerating forces 
other than that known as centrifugal force. An early attempt 
in this direction is found in the Patent Office records for 1875, 
in the work of Mr. A. Kendall. 

The Kendall construction is illustrated in Fig. 88, in which A 
is the governor frame, fixed to the shaft 2. Mounted loosely 
on this shaft is the so-called “inertia wheel” C, which by means 
of links is connected to the centrifugally acting weights D, the 
latter being pivoted to the governor frame and wheel and at £. 
The acceleration of this wheel resulting from a change of speed 
of rotation, develops a force which acts on the weights D. This 
construction never came largely into use, because the applica- 
tion of the principle was mechanically crude and clumsy, and 
the refinements sought to be obtained were lost in excessive 
friction. 

For nearly twenty years after this work of Kendall no practi- 
cal results seem to have been accomplished in the use of this 
accelerating force; and although the Patent Office reports con- 
tain several patents for mechanisms looking to that end, no 
considerable application seems to have been made in practice 
until within the last three or four years, during which time 
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Prof. R. C. Carpenter, Mr. J. Begtrup, Mr. F. M. Rites, and 
others have developed practical devices for utilizing accelerating 
‘forces which are extensively used. 

A history of this development would not be complete without 
mention of a paper on the subject presented to this Society at 
the New York meeting of 1892 by Mr. F. M. Rites, member of 
the Society. This paper is perhaps the first publication in 
which the several accelerating forces are analyzed and classified ; 
therefore it attracted considerable attention from our leading 
engineers, although those most interested had cause for regret 
that Mr. Rites’s discussion of the subject and his mathematics 
did not seem to lead to any very practical results, 


Fie. 88. 


Inasmuch as it is the object of this paper to investigate these 
accelerating forces from a practical standpoint with the hope of 
stimulating general discussion by the Society, it will be best to 
start with a clear understanding of what we are talking about, 
which can best be done by illustrating each of the forces and 
agreeing as to what we shall call it. 

Let Fig. 89 represent a governor wheel or disk fixed on a shaft 
S, with which it rotates. Let M represent a mass pivoted at P 
by a connecting arm. The rotation of the wheel in either direc- 
tion will cause the mass / to move outward, because its inertia 
resists the circular path or the radial acceleration, and this 
accelerating force is familiarly known as centrifugal force. 

Referring now to Fig. 90, let the same mass J/ be considered 
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as pivoted on the shaft by a connecting arm, and free to revolve 
around the shaft. Centrifugal force in this case is directly 
resisted by the pivot, and therefore produces no motion of the 
mass about the pivot. Any change in the rate of rotation of 
the wheel, however, will not be participated in by the mass / 
without a force developed in the direction of the arrows, because 
of the inertia of the mass //, and this force we will call tan- 
gential accelerating force, which corresponds with what Mr. 
Rites has called “ tangential inertia.” 

Assuming the mass / to be concentrated at its centre of 
gravity and the arm to have no weight, then in Fig. 90 the only 
accelerating force capable of producing motion of this mass 
around the pivot is what we have called tangential accelerating force. 

Fig. 91 is supposed to represent the same wheel shown in Figs. 
89 and 90, with a mass J/ equal to the mass J/ in Figs. 89 and 90 
and pivoted as in Fig. 90; but the mass, instead of being concen- 
trated at its centre of gravity, is assumed to be distributed in the 
form of a bar as shown, with its centre of gravity remaining as 
in Fig. 90. ‘This construction, like Fig. 90, carries the centrifu- 
gal force on the pivot without producing rotation about it, and, 
like Fig. 90, tangential accelerating force is a prominent force to 
produce pivotal rotation. 

Another accelerating force appears in the construction of Fig. 
91, to which Mr. Rites has called special attention in his paper 
referred to, and which he calls “angular inertia,” but which is 
perhaps better described by the term angular accelerating force, 
because inertia does not seem to be an appropriate name for a 
force. 

The magnitude of this —_ depends on the distribution of 
the mass M/ with relation to its centre of gravity. Under the 
assumed condition of this mass / in Figs. 89 and 90 no angular 
acceleration appears, but in Fig. 91 it becomes a pronounced 
force, and may be described as the effect of the angular accelera- 
tion of the mass about its own centre of gravity. 

To make this perfectly clear refer to Figs. 92, 93, and 94. 
Each of these figures is assumed to represent the same wheel 
shown in Fig. 91, and the same mass Y pivoted as in Fig. 91. 

Rotation of the wheel and mass / in the direction indicated 
would result in the successive positions of the mass V that are 
shown, and it will be seen that, while rotating around the shaft 
S, it also rotates around its centre of gravity. 
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To illustrate this further, suppose the bar or mass J/ is 
pivoted at its centre of gravity G (Figs. 95, 96, and 97). Rota- 
tion of the wheel and mass may now take place without rota- 
tion of the mass around its centre of gravity. 

Figs. 95, 96, and 97 represent such a condition, because it will 
be seen that the bar remains in a vertical position, while its 
centre of gravity rotates with the wheel around the shaft S. 

Comparing Figs. 92, 93, and 94 with Figs. 95, 96, and 97, it 
will be seen that the pivoted bar of the latter does not neces- 
sarily have angular rotation about its centre of gravity, while 
the former necessarily has it, and for each complete rotation of 
the wheel the bar has passed through 360 degrees of rotation 
around its own centre of gravity. 

A familiar illustration of the same idea is found in the rela- 

tion of the moon to the earth, the latter rotating once on its 
- axis while completing its passage once around the eartli in its 
orbit, which causes the same side of the moon to be continually 
toward the earth ; whereas, if the moon had no axial rotation its 
entire. surface would be successively exposed to our view as it 
passes around the earth. 

From the foregoing it is clear that three accelerating forces are 
available as actuating forces in a governor. The most impor- 
tant, because of its being absolutely indispensable, is centrifugal 
accelerating force, or centrifugal force. Either or both of the 
other two may be utilized as governing forces, or they may be 
inoperative, or may actively oppose the governing motion, and 
thus become an obstruction. To assist in governing, they must 
act with centrifugal force during an increase of the rate of rota- 
tion, and oppose centrifugal force when rotation is decreased. 

The three accelerating forces we have been considering may 
each be developed by a separate moving part, or all three may 
appear in a single moving part. The latter plan is looked 
upon with most favor because of its simplicity and fewness of 
parts. 

A study of these forces with regard to their practical utility 
and possible limitations of usefulness is best made by first 
investigating them separately, and then as a combined force 
developed from a single moving part. 

Beginning with centrifugal force as the one always present in 
every form of governor, the radial distance from the centre of 
gravity of the moving part to the centre of rotation determines 
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the amount of force developed at any given speed of rotation 
with a given mass. 

Looking at this feature alone it would seem dersirable to locate 
the centrifugally acting mass as far from the centre of rotation 
as possible, so as to reduce the mass and the consequent gray- 
ity disturbance to a minimum. The question of centrifugal 
force, however, and particularly the problem of initial tension 
of the springs, presents practically insurmountable difficulties 
that limit the radius of the centre of gravity of the centrifugally 
acting mass to a céOmparatively short one. 

It is not considered necessary in this paper to go extensively 
into the question of the relation of the initial tension of governor 
springs to the initial radius of the swinging centrifugal mass, as 
the theory is now well understood by engineers conversant with 
the art. 

It is well known that what is called isochronism is only pos- 
sible when the centripetally acting springs are adjusted to full 
theoretical initial tension; or, in other words, when the dis- 
tance of initial stretch of the springs corresponds to the initial 
radius of the centrifugally acting weight or mass. The possi- 
bility of this theoretical adjustment in practice will not here be 
discussed ; but for the purpose of this paper it is sufficient to 
say, that even where an approximation to theoretical tension is 
used the spring problem is made very difficult, unless the initial 
position of the centrifugally acting mass is comparatively near 
the centre of rotation. 

Leaving now for the present the consideration of centrifugal 
and centripetal forces, and taking up the accelerating force 
which we have called tangential accelerating force, we are again 
dealing with the centre of gravity of the movable mass, and the 
magnitude of the force depends on the rate of acceleration. It 
makes no difference whether a given rate of acceleration is due 
to moderate change of rotation and a considerable radius or 
rapid change of rotation and a less radius. 

The effect of tangential acceleration is felt along a line that 
is tangent to the circular path, and is therefore at right angles 
to the radius. The turning moment around the pivot of the 
movable mass depends on the location of the pivot, and is there- 
fore maximum when the pivot is on the radial line as in Fig. 90, 
and zero when on the tangent as in Fig. 89. 

In intermediate positions the force is measured by the arm 
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drawn through the pivot at right angles to the line of force 
which passes through the centre of gravity. It has already 
been said that the location of the pivot in Fig. 89 prevents tan- 
gential acceleration from producing any turning moment about 
the pivot, and in Fig. 90 centrifugal force is also inoperative for 
this purpose ; so that if both these forces are to contribute to 
the turning of the weight around the pivot, it cannot be located 
in either of the positions shown, nor in opposite positions, and 
for the purpose of this investigation we will assume it to be 
located between the pivots of Figs. 89 and 90; so that both the 
forces under consideration produce turning moments around the 
pivot, the arm of each force being the distance from the pivot 
to the line of force measured at right angles to that line. The 
investigation of this subject so far may have seemed rather ele- 
mentary, but it has been done to prepare for a further consid- 
eration of the problem on lines that do not seem to have been 
as fully investigated heretofore as the importance of the subject 
demands. 

In our investigation of the effect of tangential acceleration 
so far, we have followed the beaten track, and have only con- 
sidered the effect produced by a change of the rate of rotation 
of the wheel to which the movable mass is pivoted. It is not 
enough, however, to recognize and measure the forces that con- 
tribute to the initial actuation of the governing mass. It is 
quite as important to know what effect the motion of this mass 
has on these forces ; also whether any other forces are developed 
by this motion that disturb the nicely poised condition of equi- 
librium between the centrifugal and centripetal forces. 

This equilibrium has already been referred to as due to the 
adjustment of the centripetally acting springs to the full theo- 
retical initial tension, and when so adjusted the change of cen- 
trifugal force due to a change of the radius of rotation is just 
balanced by the corresponding change in the resistance of the 
spring. 

This theoretical equilibrium of adjustment, however, is based 
on the assumption that centrifugal force varies directly as the 
radius of rotation, which is a well-established law with regard 
to any fixed radius, but during the period of change of radius 
the law does not apply. To fully understand this, it must be 
borne in mind that centrifugal force of a circular path is that 
force which is necessary to radially accelerate the mass from 
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the tangent into the circular path, and any change of radius 
modifies this radial acceleration, so that during the period of 
change the radial acceleration is not that due to its radial posi- 
tion ; therefore centrifugal force may be greatly increased or 
decreased by a rapid change of radius; and, in fact, a rapid 
increase of radius may result momentarily in a path correspond- 
ing to a tangent, during which time centrifugal force would 
become zero. 

/ The possibility of such an important modification of the forces 
only emphasizes the necessity of including in the governor 
problem all the forces developed by the pivotal swing of the 
governing mass. 

One of these has just been described as a momentary modifi- 
cation of centrifugal force during the period of radial motion. 
Another and a very important force that appears during the 
period of radial motion is that due to the very great change of 
linear velocity that necessarily follows a change in the radius of 
rotation, either with or without a change in the rate of rotation, 
and which develops an accelerating force acting on a tangent to 
the axis of rotation, and in unison with whatever tangential 
acceleration force may have been developed by a change in the 
rate of rotation. 

These forces were recognized to some extent at least by Mr. 
Armstrong in his paper presented to this Society at its Cincinnati 
meeting in May, 1890, in which paper he suggested locating the 
pivot as shown in Fig. 98, the proposed object of this arrange- 
ment being to produce the effect of a dash-pot during the period 
of motion. 

Referring to Fig. 98 it will be seen that the direction of 
tangential accelerating force is not on a line passing through 
the pivot, and it therefore produces a turning moment about 
the pivot, and, as we have seen on the preceding pages, other 
modifications of the governing forces necessarily follow. 

A review of these forces may be made as follows: 

First. In view of the direction of rotation indicated, any 
change of the rate of rotation will develop a tangential accel- 
erating force in opposition to the change of centrifugal force, 
and therefore in opposition to the desired motion. 

Second. To simplify the investigation we will only consider 
the effect produced by an increase in the rate of rotation, it being 
understood that a reverse process of reasoning applies to a de- 
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crease of the rate of rotation. Assuming now that the accumu- 
lation of unbalanced centrifugal force due to increase of rotation 
has overcome the opposing tangential accelerating force, and 
an outward motion of the centrifugally acting mass begins, the 
immediate effect of such motion is to develop a great increase 
of opposing tangential accelerating force, not only because of 
the normal increase of velocity necessary to an increasing radius, 
but because the path of the weight is in advance of the radial 
line, thereby still further increasing its linear acceleration. It 
is true that this advancing path increases the centrifugal force 
also, and to that extent neutralizes the increased opposing 
tangential accelerating force. The net result of these forces 
may be summarized as follows : 

Centrifugal force depends entirely on the rate of rotation, 

without any regard to the rate of change of rotation. Tangential 
accelerating force depends entirely on the rate of change of rota- 
tion, without any regard to the rate of rotation, and becomes zero 
whenever rotation becomes constant at any rate, while centrifu- 
gal force is never zero at any rate of rotation. 
" Reviewing then, it will be seen that the arrangement sug- 
gested by Mr. Armstrong is faulty, because the desired dash- 
pot effect is obtained by a location of the pivot which is unfavor- 
able to prompt motion for the evident reason that with every 
change of rate of rotation the desired motion of the governing 
mass is opposed by its tangential accelerating force. 

In the investigation of this subject by Mr. Armstrong he 
describes the probable effect of shifting the location of pivot 
with relation to the direction of rotation as shown in Fig. 99; 
and his description of the violent slamming of the weights, while 
true under certain conditions, is anything but true under other 
conditions ; and it is evident that in Mr. Armstrong’s investiga- 
tions he did not fully recognize all the forces which are devel- 
oped in a governor. 

Referring again to Fig. 99, and applying the reasoning of the 
preceding pages, we find that with an increased rate of rotation 
centrifugal force is supplemented by tangential accelerating 
force as an initial moving force. It is true also that when 
motion begins the increasing radius of rotation develops a 
strong tangential accelerating force, tending to throw the 
moving mass violently to the outer position; but the path of 
this motion being behind the radial line the actual rate of rota- 
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tion is modified by the motion of the mass, and consequently 
its centrifugal force, and the more the outward path of the gov- 
erning mass falls behind the radial line the greater will be the 
loss of centrifugal force by a given rate of swing of the mass, 
and therefore the rate of swing may thus be limited very much 
as it is limited by a dash-pot. 

Fig. 100 illustrates a location of pivot which insures a strong 
dash-pot effect on the swing of the weight, and all the acceler- 
ating forces act in harmony with centrifugal force. Comparing 
this with Fig. 99 it is evident that a path of motion falling 
slightly back of the radial line permits too rapid a swing of 
the weights, but when diverging rapidly from the radial line 
stability is obtained by holding in check the swing of the 
weight. 

This condition reminds one of the German’s idea of the utility 
of lager beer, which he expressed by saying, that “ Enough beer 
is no good, but too much is just right.” 

From the foregoing it is evident that tangential accelerating 
force is a desirable governing force only when the outward 
path of the swinging mass falls rapidly back from the radial 
line. When so arranged, however, the length of the arm on 
which centrifugal force acts to produce a turning moment around 
the pivot is rapidly changed by the swinging of the mass, and as 
it shortens with the outward motion the problem of initial ten- 
sion of the springs is made very difficult, and in fact almost im- 
practicable of application. It is very questionable, therefore, 
whether tangential accelerating force is a practical force in 
the ordinary forms of governor construction, and particularly 
so where one end of the spring is fastened to a stationary part 
of the rotating wheel. 

If two symmetrically swinging weights are used and their 
centres of gravity are connected by a spring, the force is not 
transmitted through the pivot, but being carried directly by the 
spring no centrifugal arm need be considered, and this difficulty 
is then not encountered. 

Leaving now for the present the consideration of tangential 
accelerating force, and taking up the investigation of angular 
accelerating force, we do not find any conflicting forces that 
limit its usefulness. It may therefore be advantageously intro- 
duced into the governor problem to any extent consistent with 
constructional limitations. 
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GENERAL CONCLUSION. 


If the reasoning of the foregoing pages is correct, the follow- 
ing conclusions must be accepted : 

First. Centrifugal force is the most important governing 
force, because it is indispensable. 

Second. Angular accelerating force is next in importance, 
because it is an unqualified help as an actuating force, and its 
practical usefulness is limited only by constructional considera- 
tions. 


Third. Tangential accelerating force is of questionable util- 


Fie. 101. 


ity, because of the disturbing forces that it is almost sure to 
put into operation. 

Having investigated the several governing forces and their 
relations to each other, the question of their practical applica- 
tion naturally follows. The advantages of developing all the 
forces in a single moving piece have already been referred to, 
and probably will not be questioned. Fig. 101 represents a 
governor wheel in which is pivoted a mass J, so as to be acted 
upon by centrifugal force and by angular accelerating force, 
and it may or may not be actuated by tangential accelerating 
force according to the location of the centre of gravity. If 
the centre of gravity is located at G, tangential accelerating 
force is inoperative to produce pivotal motion. 

Angular accelerating force is a prominent force because of 
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the distribution of the mass relatively to its centre of gravity, 
and with the direction of rotation indicated it supplements 
centrifugal force in producing rotation about the pivot. It is 
possible also, with the construction shown in Fig. 101, to attach 
to this single moving part the stud or eccentric which actuates 


_the valve, in which case it must necessarily be located between 


the shaft S and the pivot P, as at LZ. 

A centripetally acting spring attached to this pivoted mass 
completes the governor, which is certainly a model of simplicity. 
Unfortunately, however, the location of the pivot with relation 
to the eccentric stud EF and shaft S is not such as to give the 
most desirable steam distribution, although it accomplishes the 
function of governing. 

Referring to Fig. 102, let the larger circle represent the path of 
the eccentric or stud when cutting off at three-quarter stroke, 
and let the smaller circle represent the path when cutting off 
at zero. Let the line AC be the path of motion which results 


‘in shifting from zero eut-off to three-quarter cut-off, without 


any lead. Let B be the location of stud necessary to the de- 
sired amount of lead, then the path of motion will be from 
B to A. 

With the pivot at P the path from B to A will be the are of 
a circle whose centre is at P, and it is the effect of this arc 
that will here be investigated. 

First let it be borne in mind that with single-valve automatic 
engines, and particularly with high speed, it is not possible to 
get an indicator diagram with a good steam line without a 
certain amount of lead, or port opening when the crank is on 
the centre. In Fig. 102 the distance from C to B represents the 
lead. It must also be borne in mind that zero cut-off cannot 
be obtained unless the line BA joins the smaller circle at A. | 
Therefore the point B is fixed by the necessities of the case, 
and also the point A. Between the points the line may be 
straight or may curve on either side of a straight line. 

In Fig. 102, because of the location of the pivot P, the line 
BA curves toward EH, but in Fig. 103, because of the change of 
location of pivot P, the line BA curves away from EL; therefore 
in Fig. 103 the lead at the points of cut-off between zero and 
three-quarter stroke will be greater than that in Fig. 102. Both 
these diagrams represent an example taken from practice, and 
both examples are taken from a valve gear with 4-inch valve 
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travel, and with the latest point of cut-off at three-quarter 
stroke. The dotted circle in both cases represents the path of 
the stud or eccentric when cutting off at quarter stroke. 

Taking the actual measurement, it appears that with a lead 
of ;'; inch at CB in Fig. 102 the lead of ED is only » inch, as 
against ,’; inch in Fig. 103. 

This of itself would give the better steam distribution to Fig. 
103 ; but this is not all, for it appears from these diagrams that 
when cutting off at quarter stroke, the width of port opening 
in Fig. 103 is about 30 per cent. greater than in Fig. 102. 


Fie. 103. 


This increased port opening in Fig. 103, and its better lead as 
already explained, produces a marked effect on the indicator 
diagrams in favor of the location of pivot shown in Fig. 103. 
To locate the pivot as in Fig. 103 it is necessary that the stud 
E should be attached to another moving part and connected 
with the centrifugally moving mass so as to reverse the di- 
rection of pivotal motion. Such an arrangement is shown in 
Fig. 104. 

This construction necessitates the addition of a second mov- 
ing part, and therefore adds something to the cost of construc- 
tion, so that it becomes a question of choice between the 
cheaper construction of Fig. 101 with the less perfect steam dis- 
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tribution, and the more expensive construction of Fig. 104 with 
its better steam distribution. This comparison has been made 
with both mechanisms in position for cutting off at quarter 
stroke, but at earlier points of cut-off the difference is still 
more noticeable. 


Fie. 104. 


In view of the fact that single-valve automatic cut-off engines 
are at best rather faulty because of the wire-drawing of steam 
through contracted valve openings at early points of cut-off, 
any arrangement which adds 30 per cent. to the opening for 
steam is a matter of too great importance to be neglected, even 
for the sake of considerable saving of cost. 


DISCUSSION, 


Mr. F. A. Halsey.—Mr. Ball having gone into the history of 
inertia governors to a certain extent, it seems proper to call atten- 
tion to a governor—the Shive—which is unmistakably of that type 
and which was placed on the market as early as or earlier than 
the date given by Mr. Ball as belonging to the patent of the first 
inertia governor. This governor made its appearance in the early 
70’s, was still in frequent use in Philadelphia five years ago, and 
probably is yet. It was a regular article of manufacture and was 
apparently made in considerable numbers, which in the apportion- 
ment of credit places it far above any mere scheme or idea which 
never got beyond the patent office. 

This governor was a throttling governor intended to be placed 
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in the steam pipe and to be driven by a belt in the manner usual 
with such governors. The illustrations (Figs. 105 and 106) will 
show the arrangement of the balls. In side view there is no de- 
parture from the usual arrangement, but the plan will show that 
the balls are hung from a cross-piece attached to the spindle, in 
consequence of which their planes of oscillation do not, as usual, 
pass through the centre of the spindle, but are parallel to it. A 


Fic. 105. 


Fre. 106. 


moment’s reflection will show that if the governor turn in the 
direction of the arrow, a true inertia action will be developed, the 
lagging back of the balls in case the speed of the spindle be ac- 
celerated, acting to raise the balls to a higher plane of rotation, 
and vice versa in case the speed of the spindle be retarded. 
Governors have been a plaything among inventors, and it 
might be fairly objected that this arrangement of the balls may 
have been a mere freak, giving no proof of being an intelligent 
application of the inertia principle, were it not for the existence of 
an arrow which was stamped on the spindle to show the direction 
of rotation. It will be observed that if the rotation be opposite 
to the arrow in the figure, the action of the inertia force will 
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oppose the centrifugal force instead of assisting it, and the fact 
that the arrow is on each governor, and, moreover, is correctly 
placed, demonstrates conclusively that the inventor had a per- 
fectly clear comprehension of the action of inertia in his governor, 

So far from Mr. Ball’s governor which “ weighs the local,” 
being the first to introduce refined regulation in the modern sense, 
the fact is that the straight-line engine was breaking all records 
before Mr. Ball’s dynamometric governor was heard of. I have 
seen a report made by a personal friend, whom I know to be 
both an accurate and an honest observer, giving an account of 
the performance of a straight-line engine in 1881, in which the 
abrupt increase of the load from 10 to 15 horse-power to 70 to 75 
occasioned a momentary fluctuation of less than one-half of one 
per cent. and a permanent fluctuation too small to measure, and I 
think this performance would be called refined regulation to-day. 
The remarkable performance of the straight-line engine from its 
first appearance is common knowledge, and the above instance 
merely serves to illustrate it and fix a date. Inasmuch as this 
date is prior to the appearance of Mr. Ball’s governor, it seems to, 
me that there is plainly an oversight in awarding to Mr. Ball’s 
device the distinction of being the pioneer in accurate governing. 
Moreover, it must be remembered, the straight-line governor is 
still made substantially as in 1881, while Mr. Ball’s governor has 
been long since abandoned by its inventor. 

Mr. F. H. Richards.—In 1867 I had occasion to operate a 
machine in which it was necessary to limit the speed to a certain 
exact number of revolutions per minute. In other words, the 
line shafting was variable in speed, and we had to provide a gov- 
ernor which would throw the machine out of gear whenever the 
speed of the shafting went beyond a certain precise point. [ 
rigged up a marine type of governor with two arms crossing the 
shaft and each other, one on each side of the shaft, and each arm 
having a ball at each end. When the centrifugal force of the 
balls overcame the springs which resisted the outward movement, 
the clutch would be thrown out and stopthe machine. As a mat- 
ter of convenience, but without considering this question of 
inertia, I put those arms outside of the shaft some little distance 
and was surprised to find that the results were similar to those 
which have been described in the paper. The countershaft I 
refer to was run about fifteen years, but I have not had occasion 
to use it again. 
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Mr. E. J. Armstrong.—Mr. Ball refers to “a very important 
force which appears during the period of radial motion, due to 
the very great change of linear velocity which necessarily fol- 
lows a change in the radius of rotation, either with or without a 
change in the rate of rotation, and which develops an accelerat- 
ing force acting on a tangent to the axis of rotation.” 

The writer was probably the original promoter of the force in 
question, and Prof. J. F. Klein was the discoverer of the fact that 
it is not available for governing. It seems that the movement 
of the weight develops several forces, the resultant of which 
passes exactly through the pivot of the weight ; hence it has no 
effect upon the movement of the weight, unless by producing 
greater friction in the pivot; that it acts in this direction is 
rather hard to understand, and still harder to explain clearly. 
It is a good deal easier (and more conclusive) to quote Professor 
Klein as authority, than to attempt a demonstration. The prob- 
lem comes under what the advanced text books call “ Carioli’s 
Law,” discovered some sixty years ago. In the paper presented 
to the Cincinnati meeting by the writer, and referred to by Mr. 
Ball, this law is not correctly stated, and that portion of the 
paper is wholly in error. 

It is some poor comfort that so many engineers have discussed 
the paper in question, as Mr. Ball has just now done, without dis- 
covering that it was founded entirely upon a misconception. 

Mr. F. H. Ball.*—My. Halsey has referred to the Shive gover. 
nor as being an earlier application of the so-called inertia forces in 
governor design than the work of Mr. Kendall. I do not think 
anybody will question his statement, as most of us can remember 
the Shive governor, and are familiar with its history. I did not 
intend to claim that Kendall was the first to recognize inertia in 
governor work, but as my investigation of the subject is confined 
to the type of governors known as shaft governors, I merely 
spoke of Kendall’s work as being an early example of an attempt 
to utilize the forces due to inertia, and I did not say that he was 
the first even with shaft governors. I am glad Mr. Halsey has 
referred to Professor Sweet’s governor. I was not aware that 
his work (which we have all admired so much) had reached its 
present state of perfection so early. It is far from my intention 
to belittle in the least the excellent work which Professor Sweet 


* Author’s closure, under the Rules, 
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has done in the field of steam engineering, and I most willingly 
accord him the fullest measure of credit that is due him for this 
work. 

Mr. Armstrong’s discussion interests me greatly, and I am sorry 
that it was not presented at the recent meeting so that there 
would have been time for a more careful investigation of the mat- 
ter he has referred to. In the brief time allotted for my reply I 
have communicated with Professor Klein, who has very kindly 
furnished me with copies of his notes covering the case in ques- 
tion. The demonstration is too lengthy to repeat here, but it seems 
to be conclusive. 

Mr. Armstrong has quoted the paragraph in which I have 
referred to that manifestation of tangential accelerating force 
which is developed by the change of linear velocity during a 
period of radial motion. The sentence quoted is a part of my 
analysis of the several forces developed in a governor, and in 
this analysis each force is investigated separately. In this sen- 
tence which has been quoted, no attention is paid to any other 
force nor to what the resultant force might be in view of some 
other force. It simply calls attention to the fact that a change 
of radius implies a change of linear velocity, and a corresponding 
accelerating force which, if considered entirely alone, may be said 
to act on a tangent to the axis of rotation. 

To illustrate this, suppose a rotating mass is arranged so that it 
gan be moved on a radial line without disturbing the rate of rota- 
tion. This differs from the case we have previously considered 
only in that the path of radial motion is a straight line, and it is 
evident that with every change of radius a tangential accelerating 
force will appear and will cause lateral pressure on the radial 
guides. 

‘In another part of the analysis I referred to an important 
modification of centrifugal force caused by radial motion and 
stated that radial motion might momentarily cause centrifugal 
force even to become zero. No attempt was made to combine 
these forces nor to determine the resultant force of such a com- 
bination, but it seems to be capable of demonstration that with a 
constant rate of rotation the centrifugal effect of radial motion 
causes such a modification of the direction of tangential accel- 
erating force that the resultant force at all times passes through 
the pivot. 


Mr. Armstrong has kindly given mean interesting account of 
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some experiments conducted by him which seem to corroborate 
Professor Klein’s mathematical demonstration.. This new light 
on the subject still further confirms the conclusions of my paper 
to the effect that the important forces of a governor are centri- 
fugal force and angular accelerating force. 
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DCCXV.* 


THE MOMENT OF RESISTANCE. 


BY C. V. KERR, CHICAGO, ILL. 


(Member of the Society.) 


Cnirictsm has lately been made through the technical press 
on the practice of certain firms engaged in the manufacture of 


structural steel in calling -s = R the moment of resistance, in- 


stead of . where 7/ is the extreme fibre stress, / is the moment 


of inertia, and n is the distance from the neutral axis to the 
extreme fibre. The two expressions are identical when / is 
made unity ; that is, when the stress in the extreme fibre is 
- assumed to be one pound per square inch. Hence the criti- 
cism covers simply the propriety of inserting the factor / in all 


cases. Unwin and Reuleaux call the expression . the “section 


modulus.” 

The confusion existing among engineers and architects in the 
use of these terms, and furnishing the occasion for the criticism 
referred to above, is perhaps due quite as much to the improper 
use of the “ moment of inertia ” as to the “ moment of resistance.” 
About two centuries ago Huyghens isolated the expression 
mr’, which is now generally called the moment of inertia in 
solving the problem of finding the centre of oscillation of a 
compound pendulum. He did not, however, name his mathe- 
matical offspring, and it remained for Euler, nearly a century 
later, to christen it “ moment of inertia.” Under this name it 
still appears in our engineering literature ; and being first in the 
field of mechanics, it chooses to stand in the way of the term 
“moment of resistance,” which came in with the study of the 
strength of beams. Inertia is a property of matter enabling it 


* Presented at the New York meeting, December, 1896, of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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to resist a change of state, whether of rest or of motion; and 
while it may not be a force it certainly measures or takes the 
place of a force when resisting the action of a force. Now, a 
fly-wheel has a true moment of inertia because the inertia of 
the wheel opposes the tendency to change the rate of rotation 
of the engine shaft due to variation in load, and it can be meas- 
ured as the moment of a force in inch-pounds. But when we 
use the moment of inertia in the case of a beam or the top chord 
of a truss bridge, where a change.of state with respect to rest 
or motion is certainly not desired, we are calling things by the 
wrong name. We deal with internal stress as opposed to exter- 


Fie. 107. 


nal force in our study of the strength of beams, and not with 
the inertia of the material. 

A way out of the difficulty could be found in associating the 
“resisting moment,” as proposed by some and used by others, 
with the established “ bending moment,” and in tabulating, for 
the use of engineers and architects, the values of #, as found 
directly by analytical or graphical methods from a given sec- 
tion of beam, in terms of stress and dimensions, or numerically 
when either the safe working stress in extreme fibre or unit 
stress at unit distance from the neutral axis is assumed and 
stated. 

In order that this paper may not fall short of the possibility 
of doing something useful, two methods are offered for deter- 
mining the resisting moment directly from the cross section of a 
given beam. The analytical method is limited to the regular 
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geometrical forms, while the graphical applies to any given see- 
tion. Both methods assume that the stress varies directly as 
the distance from the neutral axis in the centre of gravity of 
section, that the material is homogeneous in texture, and that 
it is not strained beyond the elastic limit. 

Assume, as in Fig. 107, a beam of elliptical cross section, and 
let s be the stress in extreme fibre in pounds per square inch. 


The stress at distance x from the axis will be =} and the load 


supported by an element will be  -daedy. The total force on 
one side of the axis 00’ will be 


a 


a fb 
F= xdx-dy = =| (a? — = sha. 


On the opposite side of the axis in this and other symmetri- 
cal sections there is an equal and opposite d#” which forms a 
couple with d¥. The moment of this couple will be 


dR = dF = 


and 


a 


oJ-y 


The distance out from the axis at which the resultant force, 
F, is located is given by 


This distance from the neutral axis to the centre of stress may 
be designated by c; hence R= 2/ce= Fe + F'c’ for sections 
not symmetrical about the central axis. This location of the 
centre of stress is at least of mathematical interest. It may 
also be of practical value, for the values of /, calculated from 

= = for beams broken by bending, are, as a rule, much larger 
than the values obtained from rupture by direct stress. The 
formula is based on the assumption that the material stretches 
in proportion to distance from the neutral axis, which is not 
‘true at rupture ; but if c is used in the formula instead of n, and 
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then applied to the broken beams, much closer results may be 
obtained. Thus, the average of five tests by Bach and others 
on rectangular beams of cast iron, having an ultimate strength 
of 24,118 pounds per square inch in direct stress, gives 40,268 
as the ultimate strength when n is used, but only 26,845 for e. 
The average of eight tests by Ravenhill on rectangular cast- 
steel beams, with an ultimate strength of 65,520, gives 99,859 
for n and 66,573 for c. And the average of thirty-seven tests by 
Lanza on rectangular white-pine beams of 2,992 pounds ulti- 
mate strength, gives 4,451 for and 2,967 for c. 

In the table which follows, only the sections most often found 
in beams are shown, as it is the intention to make it illustrative 
rather than exhaustive. (Fig. 108.) 
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A = area of sec- 


F = stress on one 


R=moment of re- 


C= distance from 
neutral uxis to 


SECTION tion in square |side of neutral axis) sistance in inch- . 
inches. in pounds, pounds. 
> 
h lo bh Asbh? 
b--—> 
By» 
h? — 
h Dh—dyhy — |G — Dy”) bh — 
‘a 
| ax 
lan 2s 74 — 7,4 
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The use of the table may be shown by a very simple example. 
Assume an 8 x 12 yellow-pine beam, 16 feet long, supported at 
each end and loaded in the middle by a single weight of 
8,000 pounds. Equating the bending and resisting moments, 
we have at once jwi={sbh?, and, by substituting values, 
1 x 8,000 x 16 x 12=4 xs x 8 x 12 x 12, from which s = 2,000 
pounds, the stress in extreme fibre. If, instead, we use the 


formula containing J, we shall have = jsbh’? = 


from which the same value of s will be. obtained. But by using 
R we get the result more directly, and with the intellectual 
advantage of dealing with the concrete resisting moment instead 
of the conventional moment of inertia. 

Before presenting the graphical method proper for deter- 
mining from any given section of beam the resisting moment, 
it seems advantageous to review a few leading principles in 
graphical statics. Let Fig. 109 represent a beam supported at 
each end and loaded with several weights. From any point Q 
lay off on a vertical line to any convenient scale in pounds per 
inch the load-line QZ, and from any point O draw the lines 
0Q, OV, OL, etc. Then from a point A in the line of the 
reaction # draw a line ABP parallel to OY. From the point of 
intersection F' with the line of action of the load p, draw FD 
parallelto OV ; continue thus until C7 is drawn parallel to OZ. 
Then draw the line CA and OW parallel to it. The portion 
QW of the load-line will be the reaction at R, and WZ will be 
the reaction at R, The sum of # and R, is equal to the total 
load. 

Now, at any point s in the beam there is a moment, = 
p:(« —a)— Ra. From the similar triangles Amr and OQW, 
mr:R=2«:H, or R-«=H-mr. Also, from the similar trian- 
gles QVO and Fin, p,:H=mn:x —a, or Hmn = p, (x — a). 
Then, M = p, (« — a) — R-« = H-mn — H.mr = — H-nr. That 
is, the moment at sis equal to the pole distance H, to the scale of 
the beam in inches, multiplied by the force nv, to the scale 
of the load-line in pounds per inch. A like statement is true 
for any other section, as s'. Hence the ordinate of the polygon 
AFGCTA may be taken as the force which, applied at the pole 
distance H, will produce the existing moment at the given sec- 
tion ; and the maximum ordinate locates the weakest section of 
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the beam. This is true, too, for any pole distance, since the 
ordinates vary inversely as the pole distances 

The point Z, at which AF and C// intersect, is a point on ca 
line of action of the resultant load upon the beam, or the centre 


*R=960” Seale: 421" 
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of gravity of the loads; for the ordinate ZK measures the 
force which, applied at the pole distance, would produce in a 
section s' the same moment that reactions R and R, do. 

To show the practical application of the graphical method of 
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- finding the resisting moment and centres of stress in beams of 
such form of section that analytical methods will not apply, the 
section of the standard 100-pound steel rail as rolled by the 
Carnegie Steel Company has been chosen. The drawing, Fig. 
109, made from dimensions on lithograph furnished by that com- 
pany, has an area of 9.85 square inches as measured by the 
planimeter. If steel weighs 490 pounds per cubic foot, the 
area should be 9.8 square inches. This area is divided into 
small portions, whose centres of gravity are at 1, 2, 3,...... 12, 
and the areas of these portions are laid off on AB, Fig. 110, to 
the scale of one square inch area to one inchlength. From the 
point O draw OA, OP, OB, etc., and then construct the polygon 
cDK as directed for Fig. 109. The point XK projected on the rail 
section at G will be the centre of gravity of the section ; for, if 
we consider a thin slice of the rail to be supported on a knife- 
edge through (, the separate areas will become weights or 
forces whose moments about G are balanced. The area of 
section as measured by ordinates is 9.8 square inches, of which 
4.66 are above the centre of gravity and 5.14 are below. 

If the stress in a beam varies directly as the distance from 
the neutral axis, the load, d¥, supported by each element will be 


= -dA, where s is the stress in extreme fibre distant a from 


neutral axis, while dA is the sectional area of element distant x 
from neutral axis. And its moment will be dR=dF-x2= 


= "dA =dA-z2’, for = = unity, or astress of one pound per square 


inch at one-inch distance from neutral axis. 

Now, in Fig. 110, the triangle OAP is similar to triangle cKa. 
Hence x: Ka = H: AP, or AP-x = Ka- H, where H is the pole 
distance and altitude of the triangle OAP. The line AP rep- 
resents an area in square inches, which, multiplied by x, becomes 
the load on this area under the assumed condition of unit stress. 
Then if we multiply this load, or total stress, on the elementary 
area by x, we shall have its moment about the neutral axis in 
inch-pounds. Hence AP-2? = //: = 2H-4xKa = 2/1 x 
area of triangle caK. Again, the area of triangle dba x 2H is the 
moment of another force about the neutral axis. And, finally, if 
A represent the area of the polygon cK Dgdc, we shall have 
2} =2HA as the measure in inch-pounds of the resisting 
moment of a beam of the given section, when the stress at unit 


21 


. —in this case one pound per inch—to represent stresses in the 
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distance from neutral axis is unity. For a safe working stress, 
8, in extreme fibre it will be ~.R. 


Thus, in Fig. 110, the value of A is 3.8 square inches, and the 
pole distance H is 5.75 inches. Then R =2HA = 2 x 5.75 
x 3.8 = 43.7 inch-pounds. Now, suppose the driver of a loco- 
motive supporting 90,000 pounds on its four drivers stands on 
the 100-pound rail midway between two ties two feet apart. 
Treating the rail as a continuous girder, the greatest bending 
moment will be under the driver, and measured by zl in inch- 
pounds, where w is the load on driver, or 22,500 pounds, and / 
is the distance between centres of ties in inches. Then, equating 
the bending and resisting moments, we shall have for the upper 
part of the rail which is in compression, 


jul = R= 4 x 22,500 x 24 = x 43-7, 


from which s = 4,634 pounds. Similarly for the under or tensile 
side of rail, s = 4,248 pounds. 

The centres of stress, or the centres of gravity of the tensile 
and compressive forces, may also be found graphically. On a 
load-line, 4,B,, in Fig. 112, lay off distances in pounds per inch 


beam. As these stresses vary with the distance from the neu- 
tral axis and the area taken, a special construction is necessary, 
which is shown in Fig. 113, for the area (4) in Fig. 114. Lay off 
Kf equal to one inch, and /e at right angles on the scale in 
pounds per inch selected for the load-line A,B. Then ni 
will be the stress per square inch at the centre of area (4). 
Project 2 to m, and draw Km. Lay off Ah equal to area (4) in 
square inches, which may be taken from the load-line AB in 
Fig. 110. Then the ordinate ho will be the total stress on area 
(4). Make similar constructions for all the areas on the tension 
side, and lay off the results on 4,2,. Construct the polygon 
O'HT", and project 7, to 7, the point through which passes the 
resultant tensile stress. In Fig. 111 is shown the corresponding 
construction for the compression side, which locates the centre 
of compression stresses at C. 

As a check on these constructions it shen be remembered 
that the resultant tensile and compressive stresses are theoreti- 
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Resisting Moment and Centers of Stress in 
Scale: Full Size. Area as Drawn, 9.85 square inches. 


Illustration of Graphical Method of Finding 
a Standard 100 Pound Steel Rail. 


Fie. 110. 


R=2 A H= 48.7 inch Ibs. 


Area=3.85" 
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cally equal, and that the sum of their moments about the 
neutral axis should equal the resisting moment. Thus the 
load-line A, 2, measures 9.83 pounds, and 4,/, measures 9.82 
pounds. The moment of resultant tension is 9.83 x 2.29 =22.51 
inch-pounds, and of resultant compression is 9.82 x 2.18 = 21.41 
inch-pounds. The sum is 43.92, against 43.7, found. by Fig. 110. 
In practice it would not be necessary to find the centres Cand 7, 
if only the resisting moment was wanted. But it might be 
desirable to know, for instance, that in an I-beam the centres of 
stress were well within the flanges. If they were not, buckling 
might occur much sooner under increasing load. 

In the construction for the resisting moment the rail section 
was drawn full size. And the elementary resisting moment was 
dR =dA-x*. If it is drawn to scale, so that ris the ratio of 
full depth of beam to the depth as drawn, then dA must be 
multiplied by 7’ to equal the actual area of element; and since 
x is always measured to the scale of section, as drawn, we must 


multiply 2’ by 7”. Hence, if R = [aa - 2 for the full-size section, 


we shall have for the section, drawn to scale, 


In regard to the accuracy of these graphical processes, the rail 
section, as measured by the planimeter, was 9.85 square inches, 
and by ordinates 9.8 square inches. The difference is 0.5 of one 
per cent. of the area by planimeter. The difference between 
resultant tensile and compressive stresses is 0.1 of one per cent. 
ofeither. The difference between the resisting moment and the 
sum of tensile and compressive moments is 0.5 of one per cent. 
of the resisting moment. These quantities were measured on the 
original drawing while in pencil. It is believed that the errors 
of these processes are less than the differences between the 
usual assumptions and the behavior of beams under load. 


DISCUSSION, 


Mr. Albert F. Hali.—I should like to discuss this paper further 
than I find possible at this time, and give a very neat graphical 
method for the moment of inertia. I do not think the form given 
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for F is as it should be. 


A neater and clearer form seems to , 
as follows (Fig. 115): 


Let s =stress in extreme fibre. 


(a? — 


8, = stress at distance 


a 


= dar = (a? — 


F (a? — aide. 
Fra, 115, F= 23h 


The equal force on the other half forms a couple the moment 
of which is: 


aR = 2adF = 22 x — x idx. 
~ Pde. 
R (a? — 
a 
(Qa? — (a? — a*)t + sin, 
@/o 8 a 
__ 


4 


The distance of the resultant force from the axis will be: 


4 


3 
3° 16 


az = 0.59a. 


Prof. Thomas Gray.—I think it would have been better had 
the author omitted the reference to the moment of inertia, as 
defined by Huyghens and Euler in this paper. I do not see that 
the use of the moment of inertia in this, its proper sense, has any 
reference at all to the subject. We have a little difficulty of 
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course with the ordinary use of the term: ‘ Moment of inertia of 
cross-section.” No very great inconvenience is usually experienced 
in regard to that, but undoubtedly it is rather a misnomer. The 
quantity there referred to being the second moment of the sec- 
tional area, had better be given some other name perhaps. But 
really we have no quarrel with the moment of inertia proper at 
all. I may say for myself that I prefer Unwin’s term, “ section 
modulus” for the quantity. That really fills the whole bill. 

There is one other point in the paper which is of some interest, 
and that is the calculations in which the distance between the 
centres of stress, instead of the distance from the neutral axis to 
the outside layer, is used as showing a nearer approach to the 
tensile strength. That, however, will not, I think, be found 
uniformly to apply. 

There are some interesting difficulties with regard to the prop- 
erties of materials; one is the difference between compression and 
tensile strength, and the fact that in certain classes of materials 
we have not got a constant modulus to deal with, which makes 
some difficulty in applying formulas of that kind. Take cast-iron, 
for instance—the moduli of elasticity for tension and for com- 
pression begin at about the equality for very light loads, but for 
heavy loads they do not nearly agree, and we have the neutral 
axis travelling across the section. I think that we should find 
the rule suggested to be nearly as bad as the one which we have 
been in the habit of using. 

Mr. A. M. Greene.—I would like to ask how the differences arise 
in the use of these two formulas. They are both derived from 
the same supposition, I believe, and I cannot myself see how we 
can get two different results starting from the same point. I 
think they are both worked out in the same manner when we 
come to examine the theory, and I cannot quite understand why 
the results should be so different. I also do not see the advan- 
tage of this formula over the ordinary formula in which the modu- 
lus of rupture is used. 

Mr. Gray.—The numbers, so far as I understand the paper— 
I read it hurriedly—are in a sense simple multiples of each other. 
Of course there is one element comes in, namely, the fact that the 
stress, at the breaking point, is not proportional to the distance 
from the neutral axis, and therefore that we cannot assume a 
triangular diagram of stress in our calculations. When, however, 
the calculation is made on the assumption that the stress is pro- 
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portional to the distance from the neutral axis, and the number 
reduced in the ratio of the distance between the centres of stress to 
the whole depth of the beam, the results, for the examples taken, 
more nearly agree with the results of direct tension or compression. 

The modulus of rupture from bending, as commonly tabulated, 
is really quite a distinct thing from either the tensile or compres- 
sional strength, and I think it is probably well to leave it so. 

Prof. C. V. Kerr.*—Mr. Albert F. Hall’s graphical method 
for the moment of inertia is helpful and suggestive. Analytical 
methods apply to a large number of simple geometrical sections, 
but graphical methods apply to these also, and to that multitude 
of irregular sections to which analysis can be applied not at all 
or with great labor. Hence the more graphical methods we have 
at command the better. 

The difficulties which beset Mr. Greene will probably disappear 
if he will read the present paper on “ The Moment of Resistance ” 
in connection with a former paper on “The Moment of Inertia,” 
pp. 477-503, vol. xvi., Transactions A. S. M. E. The conditions 
are similar to those which call for a separate treatment of Statics 
and Dynamics. 

I quite agree with Professor Gray that we have no quarrel with 
the moment of inertia proper. It is rather in its behalf that a 
quarrel has been made. One of our highest authorities on the 
mechanics of engineering calls the moment of inertia, Z, of a rail 
section when reduced to figures, “ bi-quadratic inches.” He uses 
this term in consequence of multiplying one area in square inches 
by another. But it has no rational meaning. Neither does the 
term “inches to the fourth power,” used by another author equally 
eminent. I have shown (pp. 482-483, vol. xvi., Transactions 
A. 8. M. E.) that the moment of inertia of a body revolving 
about an axis may be measured by a force in pounds at one foot 
from the given axis; and further, that the kinetic energy of the 
body is measured in foot-pounds by the product of the force into 
one-half the angular velocity of the body, since that is the dis- 
tance in feet along the unit arc passed over by a point while the 
body is brought to rest in one second, or, H' = 4. 

It is somewhat encouraging to see the tendency to use the 
“ modulus of section ” of Unwin and Reuleaux ; for that is simply 
the “ moment of resistance ” of the present paper, with the factor 


* Author’s closure, under the Rules. 
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of stress in extreme fibre left out, or rather made unity. But 
the modulus of section is derived from that misnomer, as Profes- 
sor Gray admits, “moment of inertia of cross-section,” that is, 


Z= A I am trying now to show (1) that the moment of resist- 


ance of a beam may be derived directly from the given section, 
analytically for geometrical, and graphically for either geometrical 
or irregular forms of section; (2) that it may be measured by a 
force in,pounds one inch distant from the neutral axis; (3) that 
the position of the resultant force in tension or compression may be 
located for either regular or irregular section ; and (4) that a suffi- 
cient reason does not therefore exist for using the term moment 
of inertia where it does not rationally apply. 

This is not the place to discuss at length our theories of resist- 
ance of materials. It is known, however, that the fundamental 
formula, HT oY = = WM, is true only at the beginning of deflection 
—it does not hold even to the elastic limit, much less to rupture. 
Still it is common to assume it true within the elastic limit, and 
even to extend it far enough to estimate the tensile strength from 
the bending moment to rupture. To obtain a closer approxima- 
tion to actual tensile strength in such cases the illustration on 
page 318 is given, and not in any sense as a cure-all for existing 
trouble between the theory and practice of strength of beams. 
Experiment alone will furnish the data needed, and Professor 
Gray is right in calling attention to present uncertainty as to 
variations in elasticity and position of the neutral axis. But when 
we have such data, then methods like those proposed in this paper 
will lead to exact results. 
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DCCXVI.* 


EFFICIENCY OF BOILER HEATING SURFACE. 


BY R. 8. HALE, BOSTON, MASSACHUSETTS. 


(Junior Member of the Society.) 


SUMMARY OF PARAGRAPHS. 


1. INTRODUCTION. 

2. Limitation of paper to discussion of efficiency of heating 
surface only ; efficiency of combustion to be assumed constant. 

3. Rankine’s formula. 


4. B. F. Isherwood’s averages and generalizations. 
5. D. K. Clark’s formula. 
6 
7 


}. C. E. Emery’s formula. . 

. R. C. Carpenter’s formula. 

8. Formula calculated on assumption that transfer of heat is 
directly proportional to the difference of temperature. 

9. If we choose the constants correctly, Rankine’s formula 
appears to coincide with the formule of paragraphs 4, 5, 6, and 7 
within the limit of error of most experiments. 

10, 11. Show what the constants in Rankine’s formule depend 
on, assuming that his laws of heat transfer are correct. 

12. Even if the laws are not theoretically exact, they may give 
practically useful results. 

13. The importance of the air supply, as shown by the formula. 

14. Increased air supply increases fhe flue temperature, if the 
rate of combustion be kept constant. Shown by the formule and 
also by Burnat’s experiments. 

15. The causes of a change in the air supply per pound of fuel 
are beyond the scope of the paper. 

16. A change in the thermal resistance of the heating surface 
has the same effect as an equal change in its area. 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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17. Considers the effect on the economy of the temperature at 
which the steam is generated. , 

18. The bearing of paragraph 17 on the question of econo- 
mizers. 

19. The effect of radiation on the formule and on the curves 
(Fig. 124). 

20. Comparing paragraph 19 with paragraphs 3 to 9 inclusive 
shows that radiation in the experiments of paragraphs 3 to 9 was 
almost certainly less than two per cent. at ordinary rates of work- 
ing, and that to-day it is probably less than five per cent. at ordi- 
nary rates of working. (Ordinary rate taken at 11} square feet 
of heating surface per boiler horse-power.) 

21. The formula of paragraph 17 simplified, and a few con- 
stants given for modern practice. 

22. In comparing a small number of tests this formula may not 
agree exactly with the results, because the efficiency of combus- 
tion, etc., etc., may be different in different tests. It should, how- 
ever, agree with the averages if the number of tests is sufficient 
to get rid of accidental variations. 

23. It is presented on the ground that it is probably better 
than any other, and therefore may be practically useful. 

24. Mr. G. H. Barrus’ anthracite coal experiments and an 
average curve. 

25. Professor Kennedy’s Thorneycroft boiler experiments. 


EFFICIENCY OF BOILER HEATING SURFACES. 


1. The work of the following paper was done for the Steam 
Users’ Association of Boston, organized by Mr. Edward Atkinson, 
of which Mr. George Atkinson is secretary. 

With their permission I take pleasure in offering it to the 
Society. 

2. The paper is intentionally limited to the question of efficiency 
of heating surface, which will be defined as the ratio between the 
heat passed through the heating surface into the steam or water 
and the sensible heat generated in the furnace. If there are any 
differences of efficiency due to different rates of combustion per 
square foot of grate, or losses due to incomplete combustion, they 
are excluded from present consideration. 

In order to fix our ideas, it will therefore be assumed that the 
rate of combustion per square foot of grate is kept constant, 


~ 
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the area of the heating surface being changed as required, and 
the heat value of the coal is defined to be, for the purposes of this 
paper only, the amount of heat rendered sensible when burning 
at the assumed constant rate of combustion. 


REVIEW OF PREVIOUS WORK. 


3. Rankine* discusses the efficiency of the heating surface, and 
develops a formula based on the assumption that the transfer of 
heat through any small part of the heating surface is equal to a 
constant multiplied by the square of the difference of temperatures 
on either side of the heating surface. 

His formula is of the form 


BS __B 


in which 

Ea = the actual evaporation per pound of fuel. 

Ep = the theoretically possible evaporation per pound of fuel. 
| S = the total heating surface in square feet. 
| F = the total fuel in pounds per hour. 

A and B are constants. 

| He gives as the values of the constants: 
A = 4 for ordinary chimney draft and 4, for forced draft. 


B =1 if economizers are provided. 
B =H} if economizers are not provided and the draft is 
ordinary. 


B = 3} if economizers are not provided and the draft is forced. 
It will be a little more convenient to change the formula so as 
to have the evaporation per square foot of heating surface, and 
not the coal per square foot of heating surface, as the second 
variable. 
Call the total evaporation per hour = W; then, 
W 


FEa = W, and F= 5; 


_ B BEa 


Ea 
Ep ~ W’ 
1+ Ea + A 


* Steam Engine, p. 234. 


| 
| 
| 
| 
| | 
- 
. 
: 
| 


EFFICIENCY OF BOILER HEATING SURFACE, 


Ea + A = BEp; 


which isa straight line if Za and Ld are the variables. . . (2) 


Then taking Hp = 14} and A and BP as given by Rankine, we 
find we can plot the four lines of Fig. 116 as the curves of four 
different classes of boilers. 
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Pounds Evaporation per Square Foot Heating Surface per Hour 
Fic. 116. — RANKINE. — The Steam Engine page 20. 

Transfer of Heat Assumed 2 

Proportional to Temperature: 


4. B, F. Isherwood * discusses numerous tests, and finally con- 
eludes that the factors controlling the efficiency are the relations 
between the coal burned per hour, the grate area, the heating 
surface, and the area for smoke through the tubes. On p. lxxxviii, 
Isherwood gives tables of probable average performance of two 
boilers with a given rate of combustion per square foot of grate 
and a given relation between the grate and tube area, but with 


* Researches in Steam Engineering, vol. ii., p. xxiii, et seg. 
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varying amounts of heating surface. These tables have been 
reduced to the same variables used in Fig. 117 and formula (2), 
and the resulting curves are presented in Fig. 116. Isherwood 
does not present any formula. 
5. D. K. Clark * deduces the following formula from a large 
number of experiments : 
W= ar’ + Be; 
in which W = water per square foot of grate. 
c¢ = coal per square foot of grate. 
r = ratio of heating to grate surface. 
a and are constants. 


= 


_. Lbs. Water Evaporated per Ib. Combustible 
o 


lL L 
6 q 8 9 10 ll pb 13 
Lbs. Evaporation per sq. ft. Heating Surface per Hour. 
Fic. 117. —ISHERWOOD 
Researches in Steam Engineering, Vol. 2, LXXXVIII 


The formula obviously does not hold outside of the limits of the 
experiments, since the evaporation per pound -of coal could never 
fall below B, however much coal was burned, while no matter how 
little coal was burned the boiler could never evaporate less than 
ar* pounds of water for each foot of grate. However, the resulting 
curves for various classes of boilers have been plotted in Figs. 118 
and 119, using the values of a and B given in Kent’s Handbook, 
p- 681, and taking the variables as the evaporation per pound of 


* Steam Engine, vol. i., p. 310. 
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coal and the evaporation per square foot of heating surface per 
hour, as before. 


Pounds Water Evaporated per Pound Combustible 


AN 
10 \ ‘ 
9 


Pounds Evaporation per Square Foot Heating Surface per Hour 
Fic. 118. —CLARK 
Steam Engine, Vol. I. p 827, also Kent’s Handbook, p 681 


6. C. E. Emery* gives a formula of the form, 


in which Ka = actual evaporation per pound combustible. 
C= pounds combustible per square foot of heating 
surface per hour. 
K,, Ky, and Ky, are constants. 
If we take pounds water per hour per square foot of heating 


then, 


surface = 


and we may write: 


* General Report Group XX., Philadelphia Exhibition, 1876, and also Trans- 
actions A, 8, M. E., vol. xVii., p. 269. 


Ka 
K, Fa 
Ea W + Ks; 
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or, simplifying, 
+ K, (fa)! = + Ky + KK 


S 
and, finally; 


& 


& 


= 
3 
é 
& 
& 


N 

he 


Pounds Evaporation per Square Foot Heating Surface per Hour 
Fic. 119, — CLARK 
Steam Engine, Vol. I, p 827, also Kent’s Handbook, p 681 
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And, except for the terms containing X;, the form is the same as 
Rankine’s formula (2). These terms are not very important, as 
will be seen on plotting the curves, Fig. 120, using for constants 
the two sets given by Emery, Zramsactions A. 8. M. E., vol. xvii., 
p- 269. 

If the two curves be extended to very high rates of evapora- 
tion they will finally meet, but will retain their general form. 


4 6 8 10 
Lbs. Evaporation per sq. ft. Heating Surface per Hour 
Fic, 120. —C. E. EMERY GENERAL REPORT, GROUP XX 
Centennial (Phil.) Exhibition, 1876, and also 
Transactions A.S.M.E., Vol. XVII, p270- 


7. R. C. Carpenter* takes a set of experiments reported in 
Weisbach’s Mechanics, and deduces a formula : 


Fea 


in which Y = actual evaporation per pound combustible. 
= pounds combustible per square foot of heating 
surface per hour. 
A and B are constants, B depending on the coal, A on 
the boiler. 


* Transactions A. 8. M. E., Vol. XVII., p. 276. 
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This formula has this misfortune, in common with Clark’s 
formula, that it gives impossible results in certain cases—i.e., if 


AVx > B. Nevertheless, at ordinary rates of evaporation it 
does not depart widely from some of the others, as is seen on 
plotting its results with the same variables as before (Fig. 121). 
8. Inasmuch as even lately calculations have been made by 
engineers on the assumption that the flow of heat through the 
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‘ Pounds Evaporation per Square Foot Heating Surface per Hour, 
Fic. 121. —R.. C. CARPENTER 
Transactions of A.S.M.E, Vol. XVII. p, 277, from Weisbach’s Mechanics (American Edition.) 


heating surface varies directly as the difference of temperature 

between the two sides of the heating surface, we will proceed to 

find the formula for the efficiency, if this assumption be true, 

Let S = total heating surface. 

Let ¢= temperature of water on one side of the heating surface 
(constant) above the temperature of the air. 

Let 7’ = temperature of gas on the other side of the heating sur- 
face above the temperature of the air. 7 and 7’, are 


the initial theoretical and the final values of 7: 
c = specific heat of the gas. 
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w = weight of gas per hour. 

F = fuel per hour. 

jf = pounds gas per pound fuel. 
W = total pounds water per hour. 


337 


b= units of heat per square foot for each degree difference 


of temperature. 


Ea = actual evaporation, Zp = possible evaporation, per pound 


fuel. 
Then, for any element of surface, 


(T—t)b-ds=cwdT . 
Transpose and integrate, 


T,-—t 
bs T,-t 

log & — +: 
T,—t 


But the efficiency is 
Ea T, — T, T,—T; T,—t 
— = x 
Lp T; T,—t T, 


Call log “ = L for convenience in writing ; 


(11) becomes 
LZ, —Lt 


Add — Z7;, to-each side : 
Simplify : 
simplify further : 
(L-1)-t L-)l=+L (7,-7); 
and, finally, 
L-1. 
and, from (12) and (18), 
fa L-1 7. — bS/cw —1 
log bS/cw 


Ep» L T, T, 
But w and W = FEa. 
22 


(9) 


(10) 


(11) 


(12) 
(13) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 
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Fa _ = 1 
Ep T, / log" bSEa/fW ‘iT, log Ea) 
(20) 
And then choosing constants ¢, 7, ¢, and Zp, so that when 
=o Ka= 14, 


so that it coincides with a Rankine curve (shown dotted) at two 
points, we may plot the curve of Fig. 122. 
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Pounds Evaporation per Square Foot Heating Surface per Hour 
Fic. 122. 


9. Now, if such of the above formule and curves as have been 
deduced from actual experiments are placed side by side it will be 
seen that a formula similar to that of Rankine will fit them as 
well as any. To illustrate this, some half a dozen or more of the 
curves have been drawn together in Fig. 123, and the actual tests 
from which one of the curves was deduced have been shown by 
circles. 

It is apparent that a straight line (Rankine’s form) is as good 
as any, and it will be adopted for the following reasons : 
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(1) It fits the experiments as well as any. . 

(2) It does not give impossible results beyond the limits of the 
experiments. 

(3) It is simple in form. 

(4) It is founded on rational though possibly mistaken assump- 
tions. 

10. It will now be of advantage to follow Rankine through the 
operations by which he deduces the formula. 
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Fic. 123. 


Let us use the same letters as in paragraph 8, except that the 
flow of heat through each square foot of surface is 


(7-1) 
a 


, @ being a constant, 


We have, as before, 


and integrate, 


But, 
(23) 
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Ep — Ea Ea 
T,.=T. =f 
Ep ( Ep 25) 
Substitute (23) and (25) in (22): 


S ka T 1 
wea _ Ep .(T, —t). (T, — T, -t) 
Ea T, 
_Ep(T, —t) — 


Fa 


1) 


(29) 


which may be written, 
Ea (7, —+) 7, (7%, — 7, 30) 
And this is Rankine’s formula (1) if 


(31) 
and 
ac 


11. 7; depends on the heat in the coal. Call X the heat units 
per pound of coal burned ; then, 


and (31) becomes fe 
_ fe _ K—tef 
fe 
and (32) becomes 
j 
A = K — tf . (35) 


12. It is known that laws of the transfer of heat through the 
heating surface are not as simple as they appear in Rankine’s 
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formula, or in paragraph 8; nevertheless, it is probable that in 
commercial boilers the true but very complicated laws coincide 
closely enough with the simpler assumption to allow us to draw 
conclusions from the latter with some degree of confidence. 

13. We may now notice that the pounds of gas per pound fuel 
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Pounds Evaporation per Square Eoot Heating Surface per Hour ° 
Fig. 124. 

will affect formule (30) and (1) four times, since it appears once 
in B and three times in A, and each of these four times in such a 
way as to reduce the efficiency of the heating surface whenever 
the air supply increases. This furnishes at once a simple and 
probable explanation of the variation of particular tests from the 
result indicated by the formula. It is obviously not sufficient to 
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know the comparative rate of combustion or evaporation in two 
tests if the results are affected four times as much by the air sup- 
ply as by the rate of combustion or evaporation. Of course, if we 
take a large number of tests, variations of air supply should 
finally cancel out, and the averages should agree. 

14, The importance of the air supply may be a little better 
appreciated if we notice in equations (10) and (22) that for any 
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Fic. 125. — TESTS OF ANTHRACITE COAL FROM BARRUS BOILER TESTS 


ordinary case an increase in the air supply causes an éncrease in 
the final temperature of the flue gases, so that not only are there 
more pounds of gas to carry off the heat, but there is more 
heat in each pound of the gas carried away. This is not so much 
of a paradox when we remember that though an increase in the 
air supply lowers the initial temperature, 7’, yet this very lower- 
ing of the temperature diminishes the transfer of heat from the 
gas through the heating surface, while the lessened time that each 
pound of gas remains in contact with the heating surface still 
further diminishes its loss of heat, and increases its final tempera- 
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ture. This fact was noted in 1858 by Emile Burnat.* His ex- 
periments showed : 


Cubic feet air per Temperature of waste 
Day. pound fuel, gases. 
1st 272 624 
2d 198 601 
3d 168 550 


4th 124 


486 


The amount of coal per hour being kept constant. 

15. The above discussion shows the effect of a change in the 
air supply per pound of fuel. The cawses which determine the 
air supply are beyond the scope of this paper. They are con- : 
nected with those governing the efficiency of combustion and the 
generation of sensible heat from latent heat, and hence the causes 
of a change of air supply need not be discussed when considering 
only the transfer of heat from one side of the heating surface to 
the other. 

16. The coefficients of transfer of heat, ) in paragraph 8, and 
1/a in paragraph 10, appear wherever S, the area of heating sur- 
face, appears. An increase of given per cent. in the resistance of 
the surface to the transfer of heat has therefore the same effect 
as a decrease of the area of the surface by a proportional amount. 

17. We have now considered all of the terms in the formuls 
except ¢, the temperature of the water at boiler pressure. Though 
this is frequently neglected, it is as important as some of the 
others. We will get at it best by supposing we have a curve for 
a given value of ¢, and then determining the new curve if ¢ is 
changed and the other quantities kept constant. Take, for ex- 
ample, Emery’s upper curve, Fig. 120, and assume that the expe- 
riments were made at atmospheric pressure, as was probably the 
case, and that the temperature of the outside air was 62. Then 
¢= 212 —62=150. Let us determine what would have been the 
result had the pressure been 142 pounds’ temperature of steam, 
362, and ¢ = 362 — 62 = 300. Emery’s curve is, if we use formula 
(2), (Rankine’s), 

BE,-—A 


best expressed by taking B x Hp = 14.2, and A = .365. 


* Bull. Soc. Ind. de Mulhouse, 1858, p. 254; quoted by D. K. Clark, Steam 
Engine, vol. i., p. 289. 
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We will assume 7; = 3,500. This gives 
3,500 


Ep — 14.2 50 — 150 => 14.85, 
and B x Ep becomes, if ¢ is changed to 300 degrees, 
3,200 _ 
14.85 x 3,500 = 13.56. 
_ 
Arp = 365 = 3.350" 
whence acf = 1,220. 
1,220 
Agy = 3.900 = 382, 
and the formula becomes, for $= 300, 
Ea = 13.56 — .382 i 


showing, other things being equal, a gain of about 6 per cent. 
due to running at atmospheric pressure instead of at 142 pounds. 
Therefore, 85 per cent. efficiency at atmospheric pressure is no 
better than 80 per cent. at present ruling boiler pressures. 

18. If a portion of the boiler surface be removed and an 
equal area of economizer heating surface be put in its place, ¢ 
becomes very nearly 0 for this part of the heating surface, and 
though the true equation is obviously rather complicated, the 
formula indicates for steam at 140 pounds a saving of several 
per cent., say from 3 to 10, depending on the relative amounts of 
boiler and economizer surface, and on the total heating surface. 
If in addition to or instead of changing part of the boiler heating 
surface to economize heating surface, the tota/ amount of heating 
surface should be increased by adding an economizer, then there 


will be an additional gain. 


The questions of relative first cost, depreciation, reliability, etc., 
of economizer or boiler heating surface are beyond the scope of 
this paper, but unless these considerations interfere, the proportion 
of economizer heating surface should obviously be as large as 
can practically be operated. In English (Lancashire) boilers, 
which can be safely run at very high rates of evaporation per 
square foot of heating surface, this limit seems to lie at the point 
where so much heat is put into the economizer that steam is gen- 
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erated in it. This gives in practice a relation of 50 per cent. 
boiler heating surface and 50 per cent. economizer heating surface. 

In American practice the boilers are generally designed so that 
it is not practicable to run at very high rates of evaporation. There- 
fore for such boilers the rule indicated would appear to be to 
give to the boilers the smallest workable amount of heating sur- 
face, and then add economizer heating surface until the desired 
efficiency is reached. 

19. One further point remains to be considered—viz., radiation. 
Most of the results—Emery’s, Isherwood’s, and the Weisbach 
tests—are on internally fired boilers at low pressure. Hence we 
should expect to find the radiation comparatively small. The 
per cent. of radiation varies as we change the rate of evaporation, 
but the radiation expressed in heat units per minute is constant. 
Therefore the effect will be to change the formula (2) so that if 
F be the radiation expressed in units of evaporation per hour for 
each square foot of heating surface of the boiler, 


REa 
= Bx Bp—a( + 2) - Ww... . (36) 


These changes will have a very small effect if hd is large. As 


4 becomes small the curve begins to droop towards the origin at 
the left-hand side. Fig. 124 shows the effect on an assumed curve 
if the radiation be 0 per cent., 2} per cent., 5 per cent., 10 per 
cent., and 20 per cent. at a rating of 3 pounds evaporation per 
square foot of heating surface per hour. 

20. It is apparent, on reviewing paragraph 3 to paragraph 9 
inclusive, that not only was the constant radiation very small in the 
tests from which Emery and others derived their formule, but that 
it must also have been very small not to appear in Clark’s results. 
The radiation in these tests could not have been over 2 per cent. 
at a rating of 3 pounds evaporation per square foot; otherwise 
the droop would have been apparent. Although the radiation 
depends directly on ¢, the temperature of the steam, so that, for 
modern practice, where ¢ has doubled its value this 2 per cent. 
would become 4 per cent.; and although there is possibly small 
additional radiation from some externally fired boilers, yet it 
does not seem possible that the radiation could in modern prac- 
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tice have gone up to much over 6 or 7 per cent. at most, and it | 


is probable that it is not over 5 per cent., if it is as much as that. 
21. Formula (36) may be put in a slightly more convenient 
form. 


S 


This will be incorrect at very low rates of evaporation, but will 
be found accurate enough for practical purposes. 
For modern practice, 
B = about .90 at present steam pressures and with a small air 
supply. If the methods of firing are such that a large air 


supply is necessary for proper combustion, B may be .80 
or even .75. 


If economizers are used, B = 1 in every case. 

A' = .3 with a clean boiler and a very small air supply. A’ in- 
creases directly as the resistance of the heating surface to 
heat transfer, and increases approximately as the square 
of the air supply per pound of fuel. A'= about .5 in 
ordinary practice, and may reach .9, or even higher, in bad 
cases. 

f' = about 3 in well-clothed internally fired boilers at low 
pressures. It may have reached 3 in some modern boilers, 
but probably is not over 1 or 1.5. 

22. As was shown in paragraph 13, neither this formula nor any 
other formula will, with our present skill in boiler-testing, allow 
us to infer from the efficiency at one rate of evaporation exactly 
what the result ofa test will be at another rate of evaporation. 
Even if the air supply be measured, single results will be apt to 
be very irregular. 

23. But when changing an old plant or building to a new one it 
is often necessary to make some assumption as to whether the 
addition of a given amount of heating surface will save enough 


coal to pay interest on its cost and other charges. It is believed 


that the above formule will be of practical value in such cases 
and that the chances of success will be greater than with any 
other form. . 

24. Unfortunately no great series of tests like those of Isher- 
wood’s have been made in late years. In Fig. 125, however, are 
presented practically all of the tests given by Mr. G. H. Barrus 
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4 


4 


by Incomplete Combustion. 


Pounds Water Evaporated per pound Combustible, corrected for Loss 


0 . 2 4 6 8 10 
Pounds Evaporation per Square Foot Heating Surface per Hour 
Fic. 126. — A. B. W. KENNEDY. 
_ Tests of a Thorneycroft Boiler; Proceedings of Inst. of Civil Engineers, Vol. XCIX, p. 57. 


in his book on boiler tests, in which anthracite coal was used. 
The two curves represent the formula, 


the first being with no allowance for radiation, the second being 
with an allowance of 5 per cent. at a rating of 114 square feet per 
boiler horse-power. 

25. Professor Kennedy,* in 1888, made a series of four com- 
plete tests on a Thorneycroft boiler, which so beautifully illustrate 
the formula proposed that the paper will conclude with them. 


* Proceedings, 1. C. E. (British), XCIX., p. 57. 
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The four tests and the straight line they indicate are given in 
Fig. 126. 

The line shows but very slight tendency to droop towards the 
origin at the left. Hence this indicates a very small radiation. 
To check this we have the heat balances as calculated by Profes- 
sor Kennedy from the analysis of the coal and the gases, and we 
find that he accounted for all but 1.9 per cent., 3.6 per cent., 2.3 
per cent., and 3.9 per cent. of the heat of the coal in the steam, 
in the hot gases, and in imperfect combustion by burning to CO. 
As we know there must have been some solid matter in the 
smoke, etc., the heat balances fully bear out the indications of 
the curve, that the radiation was very small. Hence the formula 
may be taken without sensible error as being, 


x 
and the line indicates that B = 13.88, 
and that A= 

We cannot calculate A except from Fig. 126, since we do not know » 
a in formula (35), but we have a check for B from formula (84). 

In Professor Kennedy’s tests K was 14,900, ¢ averaged 309, 
ce was .24, and f averaged 18.6, whence B = .907 and B x Zp =14, 
as compared with 13.88 deduced from the curve. 

It is to be noted that this calculation depends on all four 
experiments. An error in the very high evaporation reported in 
the test at 1.24 pounds per square foot of heating surface would 
only indicate that the radiation was larger, and would affect 2 in 
the formula hardly at all. 


DISCUSSION. 


Mr. W. W. Christie.—The following figures are taken from 
test reports in my paper on the efficiency of the boiler grate: 

The average of 10 tests of horizontal boilers, 11.52 square feet 
of heating surface per 1 horse-power developed. Ratio, 45.55: 
1—heating surface to grate surface. 

The average of 22 tests of vertical boilers, 10.42 square feet of 
heating surface per 1 horse-power developed. Ratio, 48.85 :1— 
heating surface to grate surface. 

On page 341 of Engineering News, November 26, 1896, I 
would call attention to the use by Dean & Main of the large ratio 
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of 85 to 1, because coal to be burned was a prior consideration to 
the grate area—it being expected that the boilers would be rushed. 

Dr. Chas. E. Emery.—A collation of the writings and investi- 
gations of different authors in relation to a subject of engineering 
interest may be of great value if the apparent contradictions be 
analyzed and the results formulated, so as to include features 
settled by all the authorities. In the paper under discussion, the 
very considerable meritorious labor performed by the author is 
marred by the fact that relative weight has not been given to the 
different authorities quoted, so the evident contradictions make 
the subject appear in an unsettled state, and tend to produce 
confusion. The author discusses first Rankine’s formula, which is 
of course entitled to respect, but being based on mere elementary 
data and expanded therefrom, cannot have the force of direct 
experiment upon the subject under discussion. Mr. Isherwood’s 
averages and generalizations presented in Fig. 117 are based 
merely on a table prepared at an early date from data varying 
within comparatively narrow limits, and the upper limits were 
evidently based upon judgment or insufficient data, and are there- 
fore inaccurate. The Clark and Carpenter formule are incor- 
rect in form, as stated in the paper, and therefore not fitted for 
generalizations outside the limits of the particular experiments 
upon which they are based. 

Previous to the year 1866 the investigations on the relative value 
of greater or less proportion of heating surface in boilers were 
confined to a few experiments through a limited range, which 
made it impracticable to formulate the general results in a prac- 
tical manner. In the years 1865-66, however, experiments were 
made with a vertical tubular boiler of the Martin type, in which 
the heating surface was progressively reduced until nothing was 
left but the furnace and uptake, and positive evidence became 
available on the subject. This work was doubtless initiated by 
Mr. Isherwood, but carried out by civilians and naval officers 
jointly and reported to the Navy Department; but the results 
of the experiments were not generalized and formulated previous 
to my article on “ Boiler Proportions” in the report of the judges 
of Group XX., Centennial Exhibition. I there gave a formula 
which fairly represented the phenomena, and a form of curve was 
selected which could not only be carried through the points by 
varying the constants, but which was correct at the limits. Such 
curve, with the rate of combustible per square foot of heating 
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surface per hour as abscissa and the units of evaporation as 
ordinates, should necessarily have a maximum value when the 
rate of combustion per square foot of heating surface approached 
the limit, viz.: 0; and such evaporations decrease slowly as the 
rate of combustion increased, but should never reach 0; hence 
that branch of the curve was an asymptote. These conditions 
were fulfilled by using a hyperbolic curve. The equations given 
in the report stated, repeated also in the Zransactions of this 
Society, volume xvii., page 269, therefore represent the results 
of the best experiments available, and in a way that the formula 
should be applicable through any limits. The preponderating 
weight of evidence should be given to these unequalled experi- 
ments, and the formula I gave is the only one which fully repre- 
sents the same. The value of the other formule in the paper 
may therefore be judged by their correspondence with these 
experiments. Unfortunately the author of the paper has pre- 
sented the results on a different basis than that employed by 
Rankine and by myself, and uses the evaporation per square foot 
of heating surface, instead of the combustible per square foot of 
heating surface as the abscissa. With his method of presenta- 
tion both the abscissa and ordinates contain a common factor. 
The ordinates are the units of evaporation per: pound of com- 
bustible. The abscissa are the units of evaporation per pound 
of combustible multiplied by the combustible per square foot 
of heating surface. This makes the equations much more 
involved than in the form presented by Rankine and myself. 
Rankine’s formula, founded only on elementary data, reduces 
to a simple equation of a straight line, as given by Mr. Hale, 
but the formula given by me does not so reduce, and the differ- 
ence is important, particularly when it is desired to reach very 
high evaporations per square foot of heating surface. The 
inaccuracies resulting from the use of constants based on a few 
experiments and applied to Rankine’s formula are shown by 
comparing corresponding results in the table at page 81, General 
Report of Judges of Group XX., based on my formula, with 
those given in Fig. 116 by Mr. Hale. For 22 pounds evapora- 
tion per square foot of heating surface per hour Mr. Hale gives 
for different boilers with Rankine’s formula evaporations per 
pound of combustible varying as follows: 2.2, 3.4, 7.2, 7.8 
approximately, whereas my formula gives 5.5. Again, for 5 
pounds evaporation per square foot of heating surface, Fig. 116 
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gives as pounds of water evaporated per pound of combustible, 
10.8, 12, 12.38, and 13.1 approximately, whereas my formula 
gives 12.41. It is evidently not possible that different boilers 
can give such wide variations as shown by the first of these illus. 
trations, and only badly proportioned boilers could show the 
variations shown by the second illustration. Referring to Fig. 
117, Mr. Isherwood’s results for low evaporations, based on actual 
results, do not vary greatly from those given by my formula; 
but for 13.7 pounds evaporation per square foot of heating surface 
his original curves only work out 6.4 pounds of water evaporated 
per pound of combustible, whereas my curve, based on the later 
experiments, shows that 9.13 pounds were actually obtained. 
The results given by my formula are those which have been 
actually obtained in practice under the very rigid conditions 
stated, and may therefore be relied upon as approximately a true 
solution of the problem. The results are lower in other cases, 
as shown in relation to the steam boilers tested at the Centen- 
nial Exhibition, page 73 of the Report. Nevertheless the formula 
shows what is possible under the best conditions and the true law 
of variation under such conditions. . 
Mr. Geo. I. Rockwood.—I notice in paragraph 18, in speaking of 
a combination of economizers and boilers, the author says: “If in 
addition to or instead of changing part of the boiler heating surface 
to economize heating surface, the total amount of heating surface 
should be increased by adding an economizer, then there will be an 
additional gain. The questions of relative first cost, depreciation, 
reliability, etc., of economizer or boiler heating surface are beyond 
the scope of this paper, but unless these considerations interfere, 
the proportion of economizer heating surface should obviously be 
as large as can practically be operated.” And then he goes on to 
speak of the Lancashire boiler. Now that touches upon the ques- 
tion of whether economizers are wise investments in this country 
or not, and in relation thereto I might say that this summer I 
looked into this matter a little. The fact that the economizer is 
so largely used in England has often been adduced as a reason 
why we should use it, and I think it is very important to know 
the difference between the reasons which actuate us, and the reasons 
which actuate the Englishmen in using the economizer. The reason 
‘ in England is this, that a Lancashire boiler costs three times as 
much per square foot of heating surface as the economizer does ; 
hence, buy as much economizer and as little boiler as you can. 
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That is all there is to it. Now in this country boilers cost a 
little more than one-half what we have to pay for economizer sur- 
face; hence, in America, buy as much boiler and as little econo- 
mizer as you can. So that these questions of first cost, deprecia- 
tion, and so on, do enter into the problem in this country and also 
in England, but in quite different ways. I question whether, if 
we do our utmost to heat feed-water with exhaust steam from 
auxiliaries and by the use of proper heaters, or utilize the 
steam from the receivers in compound engines in large cotton 
mill plants, and utilize our American boilers where the cost per 
horse-power is about one-fourth of what it is in England—I ques- 
tion whether we have got sufficient use in the average mill plant 
in this country for an economizer. I admit, however, that the 
economizer has a place in certain directions, as in street railroads, 
or wherever the power is very variable and very large. 

Mr. William Kent.—Mr. Hale’s paper is an exceedingly inter- 
esting one, and we should be indebted to him for having put into 
the shape in which he has the formule of Rankine, Isherwood, 
Clark, and others, so that a comparison may be made between 
them. The subject is one to which I have given considerable at- 
tention, and I have placed in Fig. 127 some results of my studies 
which were first published in Van Nostrand’s Magazine in 
August, 1884, in a paper on “ The Evaporative Power of Anthra- 
cite Coal,” and are now revised and put in the form here pre- 
sented. I have placed in the diagram, together with the location 
of Mr. Hale’s curve based on five per cent. radiation, the results 
of the tests made at the Centennial Exhibition, and the extreme 
results given by Mr. Hale in Fig. 125, as taken from Mr. Barrus’s 
tests with anthracite, reported in his book on Boiler Tests. The 
abscissas are water evaporated from and at 212 degrees per square 
foot of heating surface per hour, and the ordinates show the econ- 
omy of the boiler, expressed in water evaporated from and at 212 
degrees per pound of combustible. The Centennial tests were 
made by a commission of which our Mr. Emery was chairman, in 
Philadelphia in 1876 (see Report of the Judges, Group XX.), and 
they were made under very strict regulations, with the same kind 
of coal and every condition, so far as possible, equal ; the only dif- 

ference being that the boilers were different. Each boiler-maker, 
I believe, had the right to determine at what rate of combustion 
or what rate of evaporation his boiler should be run to give its 
maximum economy. There were two tests made of each boiler, 
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one for economy and one for capacity, and it is the results of these 
tests which I have plotted in my diagram. While these tests were 
made twenty years ago, I think they are the most valuable series 
of tests which we have on record to-day. No better series of tests 
has been made since, and we have learned practically nothing more 
about anthracite coal than we knew then; so that whatever we 
learned in 1876 holds good to-day, and in all my studies of boilers 
since that time I have not been able to come to any different con- 
clusions than those drawn from the Centennial tests, which conclu- 
sions I will try to explain. 

Five boilers in the Centennial tests came so near the head in 
the competition that the difference between them was within the 
possible errors of apparatus or observation. That is, they came 
within about 2 per cent. of the same result. They were the 
Firmenich, the Root, the Lowe, the Babcock & Wilcox, and the 
Smith. 

The question raised in the paper of Mr. Hale is, What relation 
does the rate of evaporation bear to the economy? Now in the 
Centennial tests each boiler was tested at two rates of evapora- 
tion. If it had been tested at three or four different rates we 
might plot the results and get a curve for each boiler, expressing 
this relation; but having only two rates we get a straight line. 
Therefore the diagram shows a number of straight lines, one for 
each boiler tested. The following table gives the results of the 
Centennial tests which are plotted in Fig. 127. 
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RESULTS OF BOILER TESTS AT THE CENTENNIAL EXHIBITION, 1876. 
Pounds water evaporated from and at 212 degrees. 


Capacity TEsTs. 


Economy TEs Ts. 


Name or Bolter. 
Per sq. ft. Per sq. ft. 
heating surface gombustible, | surface | combustible 

Wiegand...........- 4.193 9.145 3.800 10.834 
4.151 9.889 3.157 10.930 
2.287 11.064 1.932 11.938 
Rogers & Black...... 5.802 9.429 3.941 9.613 

4.000 9.745 2.665 | 11.039 
8.207 10.441 2.586 | 12.094 

5.426 8.397 4.395 10.312 
rrr 2.383 9.974 1.592 10.041 

3.171 11.163 2.149 11.923 

Babcock & Wilcox... 3.840 10.330 2.791 11.822 
3.739 11.925 2.785 11.906 

Galloway... 5.413 11.216 4.178 11.583 

4.108 9.568 3.034 


Norte.—In the original report of these tests the rate of evaporation per square foot of heating 
surface is given in pounds evaporated from 100 degrees temperature of feed into steam at 75 
pounds pressure. In the above table the figures in the report have been multiplied by the factor 
of evaporation 1.15 toreduce them to the standard now universally used, viz., ** from and at 212 

es. 
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Let us look now at the line showing the results of the tests of 
the Firmenich boiler. At 2.28 pounds of water per square foot 
of heating surface per hour, it gave about 8 per cent. lower econ- 
omy than it did at a rate of 1.93 pounds, and the line joining the 
two tests is only slightly inclined from the vertical. The Smith 
boiler, on the contrary, gives a line which inclines a trifle above 
the horizontal. Here is a direct contradiction of the law indi- 
cated by the Firmenich boiler tests, and of the generally accepted 
law that increasing the rate of evaporation decreases the economy. 
The Firmenich, Root, Wiegand, and Kelly boilers show a rapid 
decrease of economy with increase in the rate of driving, while 
the Exeter, the Rogers & Black, and the Pierce show a very 
slight decrease, and the Smith actually shows a slight increase. 

We may learn a great deal from these straight lines express- 
ing the results of the Centennial tests, but they also indicate the 
extent of our ignorance. It is unfortunate that these tests were 
not made at three or more different rates of evaporation instead 
of two. Wecould then have drawn curves instead of straight 
lines, and the following questions might have been answered, 
which it is now impossible to answer accurately, although the 
straight lines indicate an affirmative answer in each case, if we 
assume that each straight line is extended at one or both ends. 
1. Would the Babcock boiler have beaten the Root on the econ- 
omy test if the two boilers had been driven at the latter’s rate, 
* 2.6 pounds? 2. Would the Lowe boiler have beaten the Babcock 
on the capacity test if both had been driven at the rate of 3.8 
pounds? 3. Would the Wiegand have beaten all the other boil- 
ers at a 3-pound rate, and would it have been beaten by all the 
other boilers, the Firmenich excepted, if it had been driven at 44 
pounds? 4. Would the Kelly boiler have beaten the Galloway 
at a 34 pound rate? Would the Smith boiler have beaten all the 
others at 5 and at 6 pounds ? 

From the Centennial tests we learn further that there is a little 
field, within the limits of 1.9 and 3 pounds evaporation per square 
foot of heating surface per hour, in which five boilers of different 
construction—viz., the Root, the Firmenich, the Babcock & Wil- 
cox, the Smith, and the Lowe boilers—gave an evaporation of 
between 11.8 and 12.1 pounds per pound of combustible, and that 
the Galloway boiler would probably have entered this field if a 
test had been made at as low a rate as 3 pounds. These figures 
11.8 to 12.1 pounds are probably close to the maximum figures 
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which can be obtained by any boiler, not provided with an econ- 
omizer, burning anthracite coal. 

In addition to the Centennial tests I have plotted on the dia- 
gram the results of Mr. Barrus’s tests with anthracite coal, as 
shown in Fig. 125 of Mr. Hale’s paper, taking only those tests 
which lie on the boundary of the field covered by the fifty or 
more tests shown by Mr. Hale. I have also plotted Mr. Hale’s 
curve in Fig. 125, derived from theformula given on page 347 
of his paper : 


W 1.5 
Ea = 13 - La 
S 


This curve represents about the average of Mr. Barrus’s results, 
if we leave out five of them which seem exceptionally low. It 
can scarcely be said, however, to represent the average of the 
Centennial tests, either in position or direction. On the upper 
boundary of all the tests a curve, entitled curve of maximum results, 
is drawn, passing through four of the Centennial tests and the one 
test by Mr. Barrus at the high rate of evaporation of 8 pounds 
per square foot of heating surface per hour. This curve repre- 
sents the probable maximum results which can be obtained with 
anthracite coal under the very best conditions, between the rates 
of evaporation of 2 and 8 pounds. Perhaps Mr. Hale, or some 
other one of our members who is skilled in the art of making 
formulas to fit given curves, may give the formula for this 
curve. The data upon which the formula should be based are 
the following five points : 

Abscissas......... 1.982 2.586 3.739 5.4138. 

Ordinates......... 11.938 12.094 11.925 11.216 8.45 

From the curve as here drawn, the following epee 

values are obtained : 


Lbs. water evapo- 
rated from and at 
212° per sq. ft. > 1.7 2 26 38 85 4 45 5 6 7 8 
heating surface 
per hour. 
Lbs. water evapo- 
oe |us 12.0 12.1 12.05 12 11.85 11.7 11.5. 10.85 9.8 8.5 


bustible. 


Now summing up the results of this study, what do we learn 
from it? Plainly that the relation of the rate of evaporation to 
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the efficiency of steam boilers cannot be expressed satisfactorily 
by any curve or by any formula, but only by an area of consider- 
able breadth. The general shape of this area, as shown on the 
diagram, is oblong, and inclining downwards to the right, but 
the transverse dimension of this area is so great that if we draw 
a curve expressing its average direction any individual test may 
have an efficiency.of as much as 20 per cent. above or below 
that represented by a point on the curve taken at the same rate 
of evaporation as that of the test. The curve of maximum 
results represents the extent of our knowledge concerning the 
efficiency which it is possible to obtain under exceptionally 
favorable conditions; the width of the area represents the depth 
of our ignorance as to how to obtain the best conditions. We 
will probably not be able to increase our knowledge concerning 
the conditions which govern the efficiency of boilers fired with 
anthracite coal by further study of the records of the past, but 
with what we have as a starting point, and knowing something 
as to the extent of our ignorance, we are now ready to increase 
our knowledge by making new experiments. 

We now know that with one boiler we can get sometimes an 
increased efficiency by rapid driving, and with another boiler or 
with the same boiler at another time we get the exactly opposite 
result. The thing now for us to do is to look into the causes 
which control the results. There are some causes other than 
simple rate of evaporation, such as the shape of the flame passages 
and the tube area, or the rate of draft in its relation to the 
amount of coal burned, or a combination of different causes, 
which complicate the results. But by study of tests to be made 
in the future we may get.some knowledge of how to proportion 
boilers so as to get the best results. 

What is the lesson to be learned from the Centennial tests ? 
Here were fourteen different boiler manufacturers, each thinking 
that he had the best boiler. When we came to test them we 
found some extraordinarily low results. If we take a certain make 
of boiler to-day and go at random among the different customers 
who use it, and make tests without the knowledge of the maker 
of the boiler, we will find just about the same heterogeneous 
results which we had in the Centennial tests. That is, take any 
boiler of well-known make and good reputation, and find how 
that boiler is used in practice, and we will find results like these, 
and no man living knows why. The reason why has not been 
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investigated. What we do not know about boilers to-day would 
fill a big book. But we have made one step in advance in the 
knowledge of boilers if we know something of the extent of our 
ignorance, and that is that the law of the relation of the rate of 
evaporation to efficiency is expressed by a wide field, instead of 
by a straight line or by a formula. 

Mr. Pearson.—Speaking of boilers, and getting at the law of 
efficiency, I should suppose the locomotive had shown us that it 
is utterly impossible to establish a law or rate which will be at all 
accurate. I do not think there is any concern to-day using loco- 
motives, who have placed an order for two or more all of the 
same type, who have put them in the hands of the same engineer, 
same fireman, upon the same division the same day, and have 
obtained equal results. 

Mr. Edward J. Willis——My experience with a stationary plant 
is very similar to those which have preceded. 

In the Richmond Traction Company I have scales in the boiler- 
room ana a Worthington meter on each boiler. Records of coal 

and water are taken each shift. Under these conditions the con- 
tinuous records of several months give a very good opportunity 
for watching the evaporation. I find that this is by no means 
constant, even with the same boiler, same load, same coal, and 
same fireman; indeed I regard with suspicion duplicate results. 
I find variations of from one ‘to three tenths of a pound under the 
same conditions, so far as I can see, and I have been absolutely 
unable, even with careful study, to locate their cause. These 
changes occur from day to day, one way or the other, and are 
apparently not connected with any other events or conditions. 

Mr.Wm. Barnet Le Van.—I am pleased to hear Mr. Kent refer 
to the Centennial tests of boilers as being the best and most reliable 
boiler tests made. I claim to know much about those tests from 
the fact that I was present when each boiler was tested, and 
never left the boiler-house while the tests were going on. When 
no trials were made I slept on the flues leading to the chimney, 
and ate my meals standing at the stand of the platform scales 
when the tests were in progress. I made a memorandum 
of every trial made, and at the end of each test compared it 
with Mr. E. M. Hugentobler’s notes, who had charge of the 
trials. 

Mr. Kent left out several boilers in his original sketch whose 
evaporation exceeded some of those mentioned and shown in his 
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sketch, notably the horizontal flue boiler of Mr. William Lowe, 
of Bridgeport, Conn., and the Galloway, of England. The 
Lowe boiler, on the economy trials, evaporated 11.923 pounds 
of water per pound of combustible into dry steam, whereas 
the Babcock & Wilcox mentioned by Mr. Kent évaporated 
11.822 pounds per pound of combustible; moisture of steam, 
3.24 per cent. 

The following table shows the result of the economy trials of 
boilers at the Centennial tests : 


Pounds of water evaporated 


12.125 


From the above table it will be seen that when anthracite coal 
was used the best results were made by the Root boiler, whose 
steam was perfectly dry. The Firmenich was second, also dry 
steam. The Lowe was third in order, evaporating 11.923 pounds 
of perfectly dry steam. The fourth was the Smith, and the fifth 
the Babcock & Wilcox, with an evaporation of 11.822 pounds of 
water, with a percentage of moisture of 3.24 per cent.; the sixth, 
the Galloway, 11.583, with 0.57 per cent. of moisture. 

Mr. John Pilatt.—I1 just want to make one or two remarks on this 
subject, and first of all to refer to the question of the Lancashire 
boilers and economizers. Mr. Rockwood referred to the use of 
the Lancashire boiler, so universal in England, and the economizer 
with it. Perhaps there is one very good reason why the Lanca- 
shire boiler is used there, and that is from the fact that so very 
often the water is very bad indeed and no other boiler will do. 
An externally fired boiler is bad, and they use a Lancashire boiler 
because they can get inside of it every two or three months, and 
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they then sometimes take off two or three inches of scale. I have 
found upon English boilers six or eight inches of scale. Perhaps 
this is one reason why the water-tube boiler people have rather a 
bad time of it over there, and do not do anything like the business 
they do in this country. 

Referring to the paper. Mr. Hale mentions at the end of the 
paper Professor Kennedy’s tests of the Thorneycroft boiler. I 
would like to refer to this from the fact that I have heard it 
spoken of here several times. Ido not think it is generally known 
how the tests were made. I know that Professor Kennedy’s : 
method of making these tests has been questioned very much. 
Probably the reason is that it is one of those unfortunate tests, 
or perhaps fortunate ones, in which the result is very high indeed. 
The efficiency was as high as 86.8 per cent., with an evaporation _ 
of over thirteen pounds. Mr. Kent does not like this sort of 
thing, and perhaps I had better not say anything more about 
it; although I will venture to say that inside of two years Mr. 
Kent himself will be able to give to this Society the reasons, based 
upon a good many of the facts brought forth in this paper, why 
the result can be obtained. Referring to the tests, they were 
made in a torpedo boat under active service. The conditions 
there are quite severe and peculiar, and Professor Kennedy could 
not have done anything differently from what he did in this case. 
I had the pleasure of serving with Professor Kennedy for two or 
three years, and I know how very careful he is. He has probably 
made as many tests as any one living,and no one could take more 
care than he does. I am convinced that the test was as carefully 
made as it could be under the circumstances. 

The question of the efficiency of boiler heating surface is one 
which I think Mr. Kent will say something about later, and 
I have come to the conclusion which he has stated, namely, 
that the method of taking off the gases has quite a good deal to 
do with it—a good deal more than people think. I have been 
able to observe it in the last twelve months in the case of one or 
two boilers. They are marine boilers, but still the results would 
be the same. It is a question as to whether the gases are taken 
off with a fore and aft movement, or vertically, and making them 
touch the heating surface at every point. The very general 
method is to take them with the fore and aft movement. But 
Mr. Thorneycroft, who has probably made more experiments and 
spent more money—outside of the Babcock & Wilcox Company— 
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than any one else, has worked on the line of conveying the gases 
between walls of tubes right straight up and then down and into 
acentral chamber. In that way, I think he has been able to get 
the very excellent results which have been obtained with his boiler. 
Again, the question of the circulation in the boiler has a great 
deal to do with the final result. This, of course, is a marine boiler 
with very small tubes, and the circulation in it is like a jet from a 
small fire-engine. There is a model of one of these boilers which 
was prepared to demonstrate to the Lords of the Admiralty on 
the other side the kind of circulation which takes place. The top 
drum is fitted with glass ends so that it can be observed. This 
model can be seen at 77 Cedar Street, New York, by any member. 
Mr. Le Van.—In regard to economizers. The Galloway 
boilers are now set.so as to pass their products of combustion over 
the top of shell, thereby dispensing with economizers. 
Furthermore, I have found that setting horizontal boilers 
above the grates 36 to 42 inches has made a gain of 5 to 10 per 
cent. in fuel, by insuring a better combustion, and positively 
-assuring the thorough commingling of the fuel gases and the 
atmospheric air which enters through the perforated fire door. 
Mr. A. A. Cary.—As to differing the distance between the 
grates and the heating surface I found that was very necessary 
with different kinds of coal. I have to do with coals all over 
the United States, running all the way from the lignite, and 
even lower than that—from all kinds of poor refuse-fuel up to 
the best anthracite coal., I find that I have to vary the distance 
between my heating surface and my grate to accommodate the con- 
ditions to the fuel used, and I have had cases where boilers have 
shown very poor economy and have changed just merely by that. 
single change. In this case it was raising the tubes higher from 
the grate, and I succeeded in getting splendid economy out of the 
boilers that had been giving very poor service. 
' In my judgment the gas-producer is the coming thing for close 
running. I have succeeded in getting very good results with its 
use. 

Mr. R. S. Hale.*—In reply to Mr. Emery, I may state that in 
my paper I was considering chiefly the kind of formula to use, 
and not, except incidentally, the constants. 

Mr. Emery’s formula is of exactly the same kind as Rankine’s 


* Author’s closure, under the Rules. 
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except for its last term. This last term in Emery’s formula 
makes it, like Clark’s and Carpenter’s, incorrect at the extreme 
lower limits, while if the last term be omitted, only a small 
change is necessary in the other constants to make the formaula fit 
the experiments nearly as well as before. The fact that Emery’s 
empirical formula, based on probably the longest and best series 
of experiments yet made, agreed so closely with Rankine’s theo- 
retical formula, is, I think, one of the strongest endorsements of 
the latter. When two formule agree so closely it is of course 
best to choose the theoretical one for investigation, since it lends 
itself more readily to discussion of the other factors that affect the 
economy. For instance, the discussion of the effect of different 
boiler pressures on the economy (§ 17 of my paper), is very easy 
with Rankine’s form but impracticable with Emery’s. 

In reply to Mr. Rockwood. Even if the economizer costs more 
here than the boiler, yet it may pay. Take a boiler at 160 
pounds pressure, or say 375 degrees temperature of the steam. If 
the gases leave at 500 degrees, then the temperature difference 
where the gases leave the boiler is 125 degrees. The water in the - 
economizer is, however, we will say, 200 degrees, and the tempera- 
ture difference there is 300 degrees. Then even if the flow of 
heat were proportional to the difference of temperature only, the 
economizer heating surface would be #$2 = 2.4 times as efficient 
as the last part of the boiler heating surface. Blechynden’s and 
Wiebe’s experiments, however, indicate that the flow of heat is 
proportional to the square of the temperature difference, in which 
case the economizer surface is 5.8 times more efficient than the 
boiler surface. Besides, is not Mr. Rockwood exaggerating a little 
when he says we can buy boiler heating surface for one-half what 
we pay for economizer heating surface of the same quality ? 

I fully agree with Mr. Kent that the results of actual tests, if 
you only consider the efficiency and the evaporation per square 
foot of heating surface, would be found enclosed in a certain area” 
and not along aline. I think the reason for that is that the air 
supply and the efficiency of combustion are different in these 
tests. He says that we cannot measure the air supply. We can- 
not measure it exactly, but we can measure it pretty closely, and 
I do not think it is fair to say that there is not any law until we 
have measured the air supply, and found out whether that is not 
the reason why these tests vary so much on one side or other of 
the line. 
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This same answer applies to Messrs. Pearson’s, Willis’, and 
Cary’s discussions. As I showed in sections 13 and 22, a small 
change in the air supply per pound of coal has a large effect on 
the economy, and really it is more incorrect to compare two 
boiler tests, without knowing the air supply per pound of coal, 
than it is to compare them without knowing the rate of evapora- 
tion per square foot of heating surface. If we don’t measure the 
_ air supply we can only compare the averages of a large number 
of tests. If we do that we should get Rankine’s formula. Fig. 
160, which I take from Mr. Geer’s paper in Power, of February, 
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1897, shows the average of a large number of tests from Mr. 
Barrus’s book on “ Boiler Tests.” The abscissas, on a scale of 
B. T. U. per square foot per minute, are, of course, proportional to 
the pounds evaporation per square foot per hour, as before, and 
these crosses, showing the average results, fall very close to the 
straight line. The extent to which the air supply, or something 
else, caused the individual tests that make up these averages to 
vary, may be seen on comparing Fig. 124 in the body of the 
paper, which shows the same tests separately. Mr. Geer’s curve 
is another proof, if one were needed, that Rankine’s form of 
curve represents the average results as closely as any yet sug- 
gested, besides being theoretically correct.* 


* Geer’s curve and mine will be found to differ because Geer’s includes also the 
tests on bituminous coal, and partly because my curve is drawn not through the 
average of the tests, but so as to omit the worst tests. 
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. I may add that since writing the paper my attention has been 

called to Blechynden’s paper (Inst. Nav. Arch., 1894) and Wiebe 
and Schwerhus’ paper (Zeit. fiir Instr. Kunde, July and August, 
1896), both of which give experiments showing that the transfer 
of heat between gas and water through a metal plate is propor- 
tional to the square of the temperature difference, as was assumed 
by Rankine and which is the basis of his formula. 
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“HFFICIENCY OF THE BOILER GRATE.” 


BY WM. WALLACE CHRISTIE, NEW YORK CITY. 


(Member of the Society.) 


Havinc had considerable designing pertaining to steam 
boilers, settings, and chimneys and flues, and using the known 
formulas, of course with allowances, I became deeply inter- 
ested in the subject of relative size of grates to chimneys, the 
conditions attaching to anthracite and bituminous coal, the 
capacity of the grate, horse-power of boilers, etc.. and felt the 
need of more definite information regarding them. 

I collected the following data from 108 boiler tests, paying 
particular attention to the pounds of coal burned per square 
foot of grate at which the greatest quantity of water is evapo- 
rated. 

These tests were all that I could obtain from various sources, 
and as far as can be ascertained are reasonably authentic. 

In fact, the averages probably represent present practice 
fairly, and are, from both economy and capacity, tests made by 
the author and others. 

The plate (Figs. 128 and 129) is the plotting of the pounds of 
coal burned per square foot of grate per hour as abscisse in the 
upper and lower diagrams; the pounds of coal per developed 
horse-power per hour as ordinates in the upper diagram, and 
the pounds of combustible per developed horse-power per hour 
as ordinates in the lower diagram. 

The mean lines drawn through the points in each diagram 
incline from each end of diagram to 13 pounds of coal burned 
per square foot of grate, indicating it to be the most econom- 
ical rate of combustion. 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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From the tables we have the following averages: 


Pounds of coal per horse-power developed per hour...... ... 3.64 
combustible per horse-power developed perhour.. 3.04 
** «© coal burned per square foot of grate per hour..... 18.16 


Professor Rankine says: “The rate of combustion in factory 
boilers is 12 to 16 pounds of coal to the square foot of grate.” 

Dr. Thurston says in boiler trials: “In land boilers it is 
customary to keep the rate of combustion per square foot of 
grate down to about eight pounds per hour, although it fre- 
quently rises to 10 or 12 pounds.” 

The preceding diagram shows that 13 pounds of coal burned 
per square foot of grate per hour of either anthracite or bitu- 
minous coal gives the greatest economy in evaporation. 

The greatest amount of anthracite coal found to have been 
burned per square foot of grate per hour was 33.70 pounds; the 
least, 4.70 pounds. 

The greatest amount of bituminous coal found to have been 
burned per square foot of grate per hour was 57 pounds; the 
least, 6 70 pounds. 

Land stationary boilers are the only ones considered in the 
paper. 

The pounds of combustible per horse-power per hour was 
noted especially because of its giving a fairer way of comparing 
the economy of different boilers, and is, I believe, in accordance 
with the views of Dr. Emery. 

It will be readily seen from the chart and averages that less 
than 4 pounds of coal in the most of cases is that which is 
required to be burned per hour to produce one horse-power ; 
and as 13 pounds of coal burned per square foot of grate is a 
most economical rate of combustion, 13 divided by 4, or 3.25 
horse-power per square foot of grate per hour, is economically 
attainable. 

The above is for anthracite coal. For bituminous coal, as 
23.8 pounds burned per square foot of grate is an economical 
rate of combustion, 23.8 divided by 4, or 5.95 horse-power per 
square foot of grate per hour, is economically attainable. 

The average of 13 and 23.8 is 18.4, which is very near 18.16, 
the average of all the 108 tests. 

It certainly is understood that the above figures may have 
need of variance for special coals or conditions, and are only 
intended to give averages. 
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The 23.8 is a derived constant obtained by multiplying 13 x 
1.83 (a coefficient subsequently deduced), and 1.83 agrees with 
Mr. Harris’ rule for grate area for bituminous coal burned with 
natural draft, and by reference to the diagram it can easily be 
seen that it is a very economical rate of combustion (23.8) for 
bituminous coal. 


CHIMNEYS. 


In accordance with the following rules deduced from the 
following notes regarding boilers and chimneys, which gave 
_ very good results, the writer has calculated full tables for grate 
surface for both anthracite and bituminous coal, coal to be 
burned per hour, and horse-power of chimneys. 

A horse-power is understood throughout this paper to be the 
A.S. M. E. standard of 34$ pounds of water evaporated per 
hour from and at 212 degrees Fahr. 


CHIMNEY. 


r hour 
of grate. 
of chimney. 


= Coefficient. 


Ow 


Coal per hour, lbs. 


> | Grate Area, sq. ft. 


By | Height, ft. 
fh | Area, sq. ft. 


Anthracite Coal 
Records. 


&S2SSS 
. oc 


Average...... 


Bituminous Coal 4 
Records. 


on 


DO 09 0 


Average.... 


By assuming that 
coefficient x A/H = coal per hour in pounds, 
then coefficient x A\/H = G x coal per sq. ft. of grate per hour. 
We then see, from the following tables, that for anthracite coal 
the coefficient equals the coal burned per square foot of grate, 
and that for bituminous coal the coefficient equals the coal 
burned per square foot of grate divided by 1.83. 


| 

D x g 

22.85 
.62'36.28 
2.4018 | 138.8 | 16.72] 7.00/18.62/36.28 
4. 9 [8.9 | 384 37.41] 4.15|20.25/26.66 
10 {7.1 |1191.25/167.77|16.77| ....|16.00 

1067 [128 16.5135 [21.36 | 

| 1414 172 [22.1935 [21.36 
| 1241 (151 [19.5035 (21.36 
| 1158 [18.2035 [21.36 
24 11179 122.81) 9.01/48 80.66 4 
22 777 | 94.54|12.20/85 21.36 | 
40. 67.5| 7.75 1404 |170.79/22.0835 21.36 

— 29. m | 4 700 | 81.39/20.34/47.5 |88.50 
a 
a 
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From the above we have the following empirical rules : 


Grate area = AH for anthracite coal... . . . . (1) 

« = AWH 1.83 for bituminous coal. . . (2) 
Pounds of coal burned per hour =13 x G.. . . . (3) 
Horse-power of chimney = 3.25AVH. . . . . . (4) 


A = area of smallest section of flue in inches. 
G = grate area in square feet. 
H = height of chimney in feet. 

For a chimney with 48-inch diameter or 43-inch square flue 
by 100 feet high, we should have by the above rules the follow- 
ing: 

Grate area for anthracite coal, 126 square feet. 

Pounds of coal burned per hour under boilers, 1,638 pounds. 

Horse-power of boilers for chimney, 410. 

Kent’s table gives 348 horse-power of boilers for the same 
chimney, while he gives no way of getting at the size of grate to 
be used in connection with a certain size chimney. 

The results obtained by using the above tables agree fairly 
well with the latest American practice and with English practice 
as well. 

The writer does not touch the question of relation of flue area 
to height of the chimney to give the best results for different 
coals, as he has already trespassed beyond the ground of 
“Economy of the Grate,” and hopes that others who have had 
a larger experience will give the facts in their possession 
regarding the actual working of chimneys and grates in dis- 
cussing the subject. 
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1| 240; 124.26) 462 60!2.95 Anth. Buckwh’t. 
2| 50| 86.64) 279.3 12.47) 18.62/21"0 x |Anth. Buckwh’t. 
8} 50) 35.7 | 138.8 |8.24/3.74) 7.19)10.65| 18.62/21''0 x |Anth. Buckwh’t. 
4| 90) 122.55) 477.68/3.20/8.90/15.92)10.76)......).........- Anth., No. 2 Pea. 
130) 121.91) 4'71.15)8.21 3.86/12.08 Anth., No. 2 Pea. 
6| 300) 188 700 45|3.72'29.47 Cumberland Bit. 
8} 185) 219.42) 735 Anth. Nut. 
9 350) 291 . 35/1191 . 25/8. Anth. Buck. 
11) 825) 388 903.6 40)... .. 1 p. Bit.,2 p. dust. 
12) 325) 367.6 | 940 Anth. Pea. 
13}1125)1178 = {3396 N.Rv.,lu’p & fine. 
522.8 |1670 Bit. Lump. 
231.61) 951 8.39/4.10 Anth. Buck. 
56.64) 217.2 Anth. Buck. 
67.47] 220 (2.97/83. Bituminous, 
110.47} 392 $.25'3.56/15.6 |10.64|......].......... Bit., run of mine, 
74.98) 350 7.4: Bituminous. 
527.61]1777.5 |2.96/3.85/17.2 Bituminous. 
222.84) 680.6 |2.92/8.05)16.5 Bituminous. 
475 . 88167. 2.95'8.52)15.3 Bituminous. 
326 .35}1197 | Bit. Lump. 
230.7 | 77: Bit. Lump. 
156.3 | 540.9 |2.97/3.46) 5.2. |11 30/104’ |.......... 1p. Bit.,2p.An.B’ck 
140.4 | 492.4 |2.96/3.51] 7.19/11.68) 65’ =|.......... Bituminous. 
239.5 | 887.5 |10.92) 65’ |.......... Anth. Pea. 
262.5 | 850 |2.79/8.23/13.1 |12.82/ 65’ |.......... Anth. Nut. 
356.1 {1300 2.98/8.65/20.0 |11.56) 65’ |.......... Anth. Pea. 
867.2 |1850 |8.18/3.68/20 8 |10.99| 65’ |.......... Anth.,No.1 Buck. 
858.1 |1275 Anth.,No.2Buck. 
648.6 |2252 2.9718.47|/18.7 |......... Bituminous. 
740.3 |2800 3.50/8.'78/40.00| 9.86) 70’ OL 
617.7 |2286 8.42'8.67/83 70’ |.......... N.Y.&C.GasC’al. 
331 1067 |2.97/3.22/80.4 |11.59) 85° x 673’ |N. Y.& C.GasC’al. 
899.2 {1414 |3.27/8.54/40.4 |10.54) 35’ x |N. Y.&C.GasC’al. 
865.1 |1241 |11.06) 35’ x IN. Y.& C.GasC’al. 
353.4 35’ x 673’ |N. Y.&C.GasC’al. 
697 2086 |........4.. 'Bit. Pocahontas. 
747 2325 |........ .|Bit. Pocahontas. 
759 2338 |.......... |Bit. Pocahontas. 
698 2157 2.69'3 09)12.72 12.77/168 ‘Bit. Pocahontas. 
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r 
m & 


per 


Kind of Fuel. 


Total Rated Horse- 
power. 
Coal Burned 
Hour. 

Lbs. Combustible 
per H. P. per Hour. 
Lbs. of Coal 

H. P. per Hour. 
Lbs. of Coal per sq. 
ft. of Grate per Hour. 

uiv. Water Eva 
b. of Com’ble 
Size of Chimney. 


| pe 


Bit. Pocahontas. 
Bit. Pocahontas. 
Bit. Pocahontas, 
Bit. Pocahontas. 
Bit. Pocahontas. 
Bit. Pocahontas. 
Large Anth. Pea, 
Anth. Pea. 

Bit. Coal. 

Bit. Coal. 

Bit. Coal. 

Bit. Coal. 
‘\Lehigh Egg. 


1p.B. sl’k,2 p.A.C’m. 
Anthracite. 
Anthracite. 
Anthracite. 
Anthracite. 

Bit. Pea & Slack. 
Bit. Slack. 
Anth. Buck. 
Anth. Buck. 


DSSE: 


COD COCs CW WWW W HCO 


Clearfield. 
Nw. Rv.Semi-Bit. 
Nw. Rv. Semi-Bit. 
Anth. Rice. 
Anth. Rice. 
Anth. Rice. 
Anth. Buck. 
Anth. Buck. 
Anth. Buck. 
Anth. Rice. 
Anth. Rice. 
Anth. Buck. 
Anth. Buck. 
Anth. Buck. 
Anth. Buck. 
..|Anth. Buck. 
..|Anth. Rice. 
Slack, Ideal 
Perform- 
ances. 
Cumberland B. 
Illinois Lump. 
Bit. Lump. 
88” x 674 Summerhill Sick. 
88” x 673’ |Summerhill Slck. 
Bit., run of mine. 
Bit. Lump. 
Bit. Lump. 
|Anthracite. 


oo 


817.11) 986 
352 1050 
.| 460.9 1588 
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q | 1 
| 
| z | 
55 1000] 598 
875! 613 |......... 
| 57| 125| 123.7 | 372 28 |......... 
| 58| 198.6 | 651 28 |......... 
59| 125 126.2 | 416 (12.82/28 |......... 
60| 125) 95.4 | 308 |12.35) 28 
61/ 125| 85.98! 308 [11.6128 |........., 
62| 55! 30.70) 148 9.66] 9.02|......|......... 
63| 275| 277.7 |1458 5.(40.50| 6.88|......|.......... 
64| 401.2 |2200 97| 6.29|......|......... 
65| 269) 369.9 |1640 
66| 420.9 |2060 4 7.44] ....|......... 
| - 67|....| 106 | 384 4.71/11.67] 203 |3’x3'x80 
68; 90 85 | 286 10.71/10.22| 26.68)......... 
- 180) 110 | 441 9.1610.97| 48.88|.......... 
71| 180 108.6 | 415 3.82] 8.51/10.31| 48.88|.......... 
| 72| 180| 117.3 | 458 3.90| 9.37| 9.48] 48.88).......... 
- 180| 108 | 424 8.69] 9.90] 48.88|.......... 
108| 166 | 722 |8.94/4.84/30.90| 7.82/23. |..........| 
%5| 619.7 1750 42 |..........| 
627| 961.4 |......./3.02/3.82/22.3 |11.451165 |..........| 
77| 350) 543.1 |11.87°62 | 
78) 325] 580.5 |1470 
79| 325| 470.8 |1230 -61/20.5 |12.14|......|......... 
109.5 | 402 -67|14.26| 9.94|...... 
81) 325| 381.7 |1079 -25|18.5 |11.05| 58.3 |. 
82) 325) 856.1 -48|21.3 |10.40| 58.3 |. 
83| 428] 611.8 |....... "8821.5 |12.02| 24 
84! 410.5 |....... |11.97] 24 
85| 498] 691.0 |....... 75|27.0 |10.46) 24 
86| 100| 132.3 | ...... 25 
88| 700| 901.8 |. 
89| 190] 154.3 | 20. |. 
90| 109] 114.0 20 
91/ 500. |... .. 28. |. 
92) 750| 840.4 |12.29| 45 |. 
375| 553.1 |... .../2.953.69145.4 |11.69| 45 
| 94| 375| 870.4 19.8 |11.31|......]. 
95| 875| 581.0 |....... 32.9 |11.00|... 
96| 375| 442.3 |....... 3128.0 110.08|......!. 
240) 259.5 |....... 18-4 11.76) 45.5’ |. 
98| 848.2 |. 3/239 |12.19| 45.5" |. 
99| 250| 468.8 |.......| b/33.2 |11.90| 45.5’ |. 
100| 240] 134 | 345.3 9.57|11.41| 36 
101| 258 1015 B/21.51|10.26) 47’ |. 
| 102| 100} 148 | 425 25 |. 
103| 250] 257.5 | 777.1 85 
104) 250] 416 1403.9 7|40.12|11.71) 85 
105! 55| 93.44 280.31 0\18.66/11.30| 15 
| 106), 20 8126.0 |11.52| 38 
| 107) 26 8127.6 |12.06| 38 
| 108)... 
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DISCUSSION. 


Mr. Ralph E. Curtis.—I think the title of this paper is a little 
misleading, because any determination of the efficiency of a 
grate which makes the evaporation a standard is liable to a 
certain amount of error by the creeping in of factors which are 
independent of the extent and nature of the grate surface. The 
writer has said that in the matter of coal he has only intended 
to give average conditions; but there are other variables com- 
‘ing in, in the form and arrangement of the furnace, and particu- 
larly in the heating surface, and with the desire, in the limited 
time which I have had since reading this paper, to see what effect 
one of those factors would have, I have plotted some tests from 
Mr. Barrus’s book on “ Boiler Tests” with particular reference to 
the matter of heating surface. I have plotted two sheets—one, 
the result of tests having bituminous coal, and the other, tests 
having anthracite coal, and have kept separate each group of 
boilers of the same general type. I have taken only such tests 
as seemed to be fairly free from unusual conditions. I might say 
that the horizontal tubular boilers, boilers of the double-deck 
type, and boilers of the Babcock & Wilcox general type, gave 
practical agreement, and that may be expected, because 
the ratio of heating surface to grate surface, and the sub- 
division of the heating surface is—broadly speaking—compara- 
tively the same for those types of boilers; while with the plain 
cylindrical boilers an entirely different set of conditions pre- 
vails. In the matter of anthracite tests I found that the results 
for all the three types first mentioned would be fairly repre- 
sented on the basis of coal per horse-power per hour, by a 
straight line on the 3.8 pounds of coal per horse-power line to a 
point of about 16 pounds of coal per square foot of grate per 
hour, then slightly rising. The line for cylindrical boilers, 
plotting on the same chart, starts considerably above the other 
types and rises much more rapidly. For instance, at six pounds 
of coal per square foot of grate there is an evaporation of one 
horse-power for 4.8 pounds of coal; while at 11 pounds per 
square foot of grate it requires 6 pounds of coal to evaporate 
the equivalent of a horse-power. The line for bituminous tests 
starts a little lower than that for anthracite, and the efficiency 
seems to dimin’sh somewhat more rapidly; that is, the curve 
rises gradually from near the beginning (most remarkably from 
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the point of 12 pounds of coal per square foot of grate), starting 
from 3.2 pounds coal per horse-power per hour, while the only 
tests which I have on the cylindrical type show considerable 
above four. Now I do not claim that these tests are numerous 
enough or have been analyzed closely enough to give any very 
definite quantitative results, but they do seem to indicate to me 
two things: First, that under certain conditions of arrangement 
of heating surface, that factor can introduce considerable un- 
certainty into the question of economy of combustion as de- 
termined by this method; and secondly,'it would seem that 
instead of the maximum efficiency (the greatest evaporation 
per pound of coal) occurring, as the author has stated, at a 
point of about 13 pounds for anthracite coal and 23 for bitumi- 
nous, that a different condition prevails; that is, up to say 20 
pounds the evaporation per pound of anthracite coal would seem 
to be fairly constant, while on bituminous coal the evaporation 
is slightly greater per pound of coal at the lower rates of com- 
bustion, but falls off more rapidly, crossing the anthracite line at 
a point somewhere between 15 and 25 pounds. In this connection 
I would like to say that I do not entirely understand Mr. 
Christie’s method of drawing his mean line, especially on the 
left-hand half of his diagram—what he calls his mean line 
~ being almost a minimum line and not a mean at all. I submit 
whether a fairer average of those tests would not have been ob- 
tained by a straight line on the coal diagram, on about the 3.6 
pounds line to about 25 pounds, then slightly rising; and on 
the combustible diagram, on the straight line of 3 pounds to 
about 20 pounds, then slightly rising. 

It seems that, separating the bituminous from the anthracite 
tests, as shown by the two sets I have plotted, the bituminous 
curve is lower at the left-hand side and crosses the anthracite 
curve. This points out to me only the desirability of having a 
larger range of tests and more specialized observation before 
we undertake to lay down rules for determining the proportions 
of grate surface or the data of combustion from such tests as 
these. I might incidentally say that I have been reminded, in 
looking around for some tests to use in connection with those in 
Mr. Barrus’s book, of how carefully one should watch the tests he 
is taking. In case of cértain tests I had supposed perfectly re- 
liable I found that in figuring the coal per horse-power per 
hour I was getting remarkably low results, by figuring from the 
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coal per hour divided by the horse-power; but by figuring it 
the other way, dividing 34} pounds of water per horse-power 
by the water per pound of coal, I found that I got something 
quite different ; and so it seems it is necessary if one would be 
sure of what he was plotting to go quite a little way into the 
tests as they are sometimes published. 

Mr. William Kent.—This paper of Mr. Christie’s is a very com- 
mendable effort on his part to discover the laws which govern 
boiler economy, even though I have to criticise it adversely. 
Beginning with the name—“ Efficiency of the Boiler Grate ”— 
in a literary sense the name may be all right, but in a technical, 
engineering sense, the grate has no efficiency. It is not a 
machine for doing work, and we cannot say that its efficiency 
is the quotient of the work got out of it by the work put in, so 
the title is somewhat of a misnomer. A proper title would be 
“The relation of the rate of combustion per square foot of grate 
to the economy of the boiler”; as that is what the paper is 
about. 

He has collected data from 108 boiler tests. Going over the 
table I notice that the column, “ Water evaporated per pound 
of combustible from and at 212 degrees,” and the column headed 
“ Pounds combustible per horse-power per hour,” do not agree 
with each other arithmetically in about half of the cases. That 
is, there is an arithmetical error in calculating the figures in one 
or the other of these two columns. The product of the pounds 
of coal per horse-power per hour and the water evaporated per 
pound of combustible in about half the cases is 344, as it should 
be. In other cases the product seems to be 30. It is a mathe- 
matical fact that the figures in the column “ Pounds of combus- 
tible per horse-power per hour” should be exactly equal to 344 
divided by the figures in this other column—“ Water evaporated 
per pound of combustible ’’—provided we agree that the boiler 
horse-power is 34$ pounds, which Mr. Christie himself has 
assumed. So the first trouble with his plotting is that he did 
not get correct figures to plot from. That is probably not his 
own mistake, but occurred by taking the figures from the 
reports of boiler tests, without verifying them. 

The next trouble is, that in taking the 108 boiler tests he has 
apparently given full credence to all the tests that he has 
taken. If we go into the literature of boiler tests, the chances 
are that the results found on an average will be a little more 
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favorable than the average results obtained in practice, for the 
reason that many published tests are made of boilers built to 
fulfil guarantees, where the conditions are favorable to good 
economy ; and if, accidentally, a bad result was obtained, that 
result was not published. So the chances are that of all the 
tests made, a larger proportion of the good results would be 
published than of the bad results. In some cases, however, 
this is not the fact. For instance, in Mr. Barrus’s book on 
* Boiler Tests’ I believe he has published all the tests ; good, 
bad, and indifferent. But we have to be very careful in accept- 
ing the results from other sources, because they may be 
selected results. They may be perfectly correct, but the bad 
ones may have been left out. That is one objection to drawing 
conclusions from these 108 boiler tests. Another objection is 
that there are certain tests on this list of 108 which any one 
acquainted with the conditions governing boiler economy should 
have rejected as being highly improbable, if not impossible. 
When we see a report of a test of anthracite coal giving 124 
pounds of water per pound of combustible, we should reject 
that test as incredible. If we should find one over 12.2, we 
should mark it as doubtful. Anything over that is more than 
doubtful. Anything over 124 is simply incredible. When we 
come to bituminous coal, I should think anything over say 134 
pounds ought to be rejected, and if we get 13 pounds and a 
small fraction, we will say, “Well, if the conditions were 
extremely favorable it is possible it might be obtained,” which 
would hold in the case of one of Mr. Dean’s recent tests at Bos- 
ton. which has been published, and which I consider to be about 
high-water mark. Here is an instance: the figure 13.96 for 
Summer Hill slack. I do not know what Summer Hill slack 
is, but if the report of the boiler test is correct, it must be 
something better than Pocahontas. So that result should have 
been rejected. 

Then again, in plotting results, when we discover that some of 
the results of the economy are due to abnormal conditions, such 
as would be likely to make the result of a test out of the 
ordinary range, such results should be rejected from the plot- 
ting. If we find that a very low result is due to extraordinary 
rates of evaporation per square foot of heating surface—that is, 
that the boiler has been greatly overdriven—that result should 
not be included in a study of the question of what is the effect of 
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the rate of combustion per square foot of grate. It is all right 
to include it in the study of the effect on economy of the rate of 
evaporation of the boiler ; that is, the evaporation per square foot 
of heating surface. So, making certain rejections from the table, 
I would reject the last five of the tests at the right hand of the 
diagram on account of abnormal conditions. If those five tests 
had been rejected, Mr. Christie would not have drawn his curve 
going up so high toward the right. A still further criticism : 
Supposing that all the figures were correct, and supposing that 
every test that he plotted was plotted correctly ; the next ques- 
tion is, how to run the curve through the diagram. Well, the 
curve should be an average curve. It should either have an 
equal number of points above and below it, or it should have an 
equal total sum of distances above and below, or the areas 
above and below should be equal. By neither one of these cri- 
terions is the curve given in the paper justified. It runs down 
below the average —very far below—and his minimum, the 13 
pounds, is only got by a distortion of the curve below the point 
where it should be. So his arithmetical computations are 
wrong, his method of drawing the curve is wrong, and it is wrong 
to put tests in that should not have been put in. So much for 
the destructive criticism of the paper. 

Now taking Mr. Christie’s data and trying what we can learn 
from the data by another system of study. I have spent some 
little time trying to do this. I avoided the arithmetical error 
by simply plotting, not the pounds of combustible per horse- 
power per hour, but by plotting the other variable which 
should correspond exactly with it, viz., the water evaporated 
per pound of combustible from and at 212 degrees; using as 
abscissas the rate of combustion as Mr. Christie does, and using 
for the ordinates the water evaporated per pound of combus- 
tible from and at 212 degrees, separating into two parts the an- 
thracite and the bituminous coals. Then instead of trying to 
judge where I should draw the curve, I formed this judgment 
on it: That if there is a law it will be found by dividing this 
whole range into certain portions, taking the averages of each 
of these portions and then making a curve or plotted diagram 
_ through these averages. I think this is a perfectly legitimate 
way of trying to draw conclusions from such data. The final 


result I obtained from this study is shown in the accompanying 
. table. 
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RELATION OF RATE OF COMBUSTION TO ECONOMY. 


Rate oF CoMBUSTION. oF EvAPORIZATION. 
Coal burned per hour per sq. ft. Lbs. from ané at 212 degrees per Ib. 
of grate. combustible. 


BITUMINOUS 
ANTHRACITE. |. yp ALL Coats. 


No. of No. of 
Tests. Lbs. Tests. Lbs. 


6.52 
10.22 
13.06? 
19.75 ? 
20.13 
25.37 * 
32.60 ° 
41.48 ° 


11.32 
10.30 
11.26 
11.28 
11.28 
11.05 
11.31 
11.69 


11.83 
10.76 
£1.47 
11.03 
11.25 
11.10 
11.22 
10.70 


SSSSTSES 

0100 


jecting No. 39, 12.32 lbs.: No. 32, 13.22 Ibs.; both anthracite. 

ecting No. 2, 12.47 lbs.; No. 12, 12.88 lbs.; No. 11, 13.40 lbs.; all anthracite. 

jecting No. 8, 12.76 lbs., anthracite. 

jecting No. 103, 13.96 Ibs., bituminous. 

a. ejecting No. 74, 7.82 lbs., bituminous; No. 92, 12.29 Ibs., anthracite ; No. 64, 6.29 lbs., 
anthracite. 


6 Rejecting No. 63, 6.38 lbs.; No. 65, 7.76 lbs.; No. 66, 7.44 lbs.; bituminous. 


This means that the economy, as far as it is shown by these 
108 boiler tests, rejecting thirteen of them, is entirely indepen- 
dent of the rate of combustion per square foot of grate surface, 
and the curve, expressing the relation of the rate of combustion 
to economy, should be a horizontal straight line. That gen- 
eralization is nothing new to me. I published a few months 
ago (Engineering News, September 24, 1896)'a study of Prof. 
W. F. M. Goss’s work at Purdue University on locomotives, and 
showed that if we could eliminate the loss due to throwing coal 
out of the stack, and if we could proportion the grate surface to 
the heating surface so as to burn the same amount of coal per 
hour in each case, the efficiency is entirely independent of the 
rate of combustion within the limits of 60 pounds per square 
foot of grate per hour and 240. Here in Mr. Christie’s paper 
are ranges from 5 pounds to 45 pounds, and from it we find that 
the economy of the boiler is independent of the rate of com- 
bustion within this limit. 

There is a belief among many engineers in the West that 
with bituminous coal the way to get economy out of a boiler 
is to cut down the grate surface as far as possible and burn 
the coal at the most intense rate possible, so that the same 
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amount of coal per hour is burned as would haye been burned 
on the larger grate at the lower rate ; the theoretical reason 
being that combustion is thus obtained with a smaller excess of 
air and therefore less heat is taken out at the chimney. So 
much for the grate surface part of the paper. 

As the author has referred to my table on chimneys (Z’rans- 
actions, vol. iv., p.81), I will have to say something about that. 
It is perhaps unfortunate that in my publication of a chimney 
table some twelve years ago I did not make it clear just how I 
derived the coefficient in the formula. In the paper I said it 
had been found that a chimney 80 feet in height and 42 inches 
diameter, was sufficient to cause a rate of combustion of 120 
pounds of coal per hour per square foot of area of chimney, and 
that brief statement was practically all that was said about the 


basis of the derivation of the coefficient. The formula has . 


recently been criticised in Power as derived from only a single 
ease. Well, in the statement I made in the T'ransactions it may 
look so, and it should have been explained in greater detail in 
_ the original paper. I will now try to put myself straight on the 
record by saying that the formula and the coefficient were arrived 
at after a long study, by plotting a great number of formula, 
and putting in the plotting all the practical data I could get 
about chimneys, whether they came from the formule or not, 
and especially plotting the practice of the Babcock & Wilcox 
Company, developed through many years of practice. 

After all this plotting, the reason I selected this particular 
basis for the derivation of the coefficient—viz., that an 80-foot by 
42-inch chimney would burn 120 pounds of coal per square foot 
area of chimney per hour—was that there seemed to be a general 
correspondence of all the data at that size of chimney and at no 
other. If I had attempted to base the coefficient on data 
obtained from formule or from practice with chimneys of either 
smaller or larger size, the results obtained from such data 
would have been too discordant. But around that size I found 
nearly all the data agreed, and from that fact I derived the 
statement that a chimney 80 feet by 42 inches is good for 231 
horse-power, and thereupon proceeded to obtain the coefficient 
of the formula. So my formula is based on a very much larger 
set of observations and data and study than would appear from 
the paper itself. 

Now, Mr. Christie in discussing the subject of chimneys does 
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not state his whole reasoning, so I do not know how he derived 
his table, except it is from this small table of data which he 
gives. If it is derived from that table, then the data are too 
few to derive any conclusions from. But he apparently assumes 
that the chimney horse-power should be a coefficient into the 
area into the square root of the height. That is a perfectly 
true formula provided you assume that the coefficient is not a 
constant but a variable, That formula for chimneys—a coeffi- 
cient into the area into the square root of the height—would 
mean that the horse-power of a chimney is directly proportioned 
to the area. By analogy we know that that is true for no kind 
of fluid or liquid whatever. For water, and air, and steam, 
the flow is approximately equal to the square root of the fifth 
power of the diameter and not to the area, and the particular 


form in which I have got my formula, in which the coefficient is 


variable, depending on the diameter, was obtained by an arbi- 
trary assumption of a condition which would make the’ formula 
fit the average curve obtained from the data. Certainly the 
plain parabolic formula is wrong for a chimney formula; that 
is, a constant into the area into the square root of the height. 
It should be a variable. All the ancient formule for the flow 
of water have that peculiarity of a constant coefficient, but 
Kutter and Darcy and all the other recent writers who have 
made experiments have found that that coefficient is a variable. 
The author calculates the horse-power here of a certain chim- 
ney, the capacity being 1,638 pounds of coal per hour, and he 
calls its horse-power as 410—that is just four pounds of coal to 
a horse-power—and he says that my table gives 348 horse- 
power. My table does say 348 horse-power, but on the top of 
the table it says a horse-power is here taken as five pounds of 
coal per horse-power. Multiply 348 by five pounds, and it gives 
1,740 pounds, which I say the chimney will carry, and Mr. 
Christie says 1,638—not so far apart from my figure. So when 
one is writing of the horse-power of chimneys, or taking the 
horse-power from a table, it is always well to state just what is 
meant by horse-power. 

Mr. Wm. Barnet Le Van.—I would state that in my experience 
of about 400 boiler tests, that we have not advanced in results 
beyond what was accomplished twenty years ago. Going back - 
to the trials of boilers at the Centennial Exposition in 1876, we 
will find that the average coal consumption per square foot of 
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grate on the capacity tests was fifteen (15) pounds, and on the 
economy tests was eleven (11) pounds. 

Quite a number of papers have been read before this Society 
on chimney draft and their horse-power. Mr. Wm. Kent's 
tabies on chimney dimensions are no doubt the best, but they 
are short of the capacity which a chimney will develop. A 
chimney which, according to his formula, should only be suffi- 
cient for four hundred (400) horse-power, will, as I have 
demonstrated, suffice for a thousand (1,000) horse-power boiler, 
and it is proposed to add five hundred horse-power additional. 
The fact is we are as much in the dark in regard to chimneys as 
we are in regard to the physical constitution of heat, light, and 
electricity. To illustrate : I made a test of a boiler some time 
ago, and the evaporation per pound of combustible was eleven 
(11) pounds of water per pound of combustible. On the follow- 
ing day the test was repeated; it was raining hard, and the 
evaporation was twelve (12) pounds of water per pound of com- 
bustible, using the same coal and fired by the same man—in fact, 
. everything was the same. I am less satisfied with what I know 
about chimneys. Atmospheric influences make a difference of 
five (5) to eight (8) per cent. 

Prof. R. H. Thurston.—Mr. Christie has, I think, gathered 
together a large amount of valuable data, and their analysis will 
perhaps be found a task worthy of the time and thought, not 
only of the writer of the paper, but of every engineer engaged 
in this department of engineering practice. The plotted data 
show, as it seems to me, a very evident and, on the whole, con- 
stant increase in the cost of the horse-power with increasing 
intensities of draft and rates of combustion. It does not appear 
to me that we can assign a minimum at 13 pounds, or at any 
other figure, although the falling off of efficiency is certainly not 
‘as marked at the lowest as at the highest rates of combustion. 
Scanning the plate, a minimum seems to exist at about 16 
or 18 pounds—that is to say, at figures above which firemen 
are not accustomed to handle fires, and then a maximum at 
about 12, and then the costs of the horse-power fall off to 7 
or 8 pounds, the lower limit of usual practice; and they finally 
rise again slightly at the lowest figures plotted. 

I think, however, that to make the work thoroughly complete, 
the two classes of coal should be discussed separately, and thus 
the complication which now arises from the interpolation of the 
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data for one fuel, which naturally burns at considerably higher 
rates than the other, into the table exhtbiting the latter, would 
be avoided. 

Still more complete results would be obtainable from the 
study of these data were the boiler trials here recorded distin- 
guishable into two classes. It is customary to report, in the 
trial of steam boilers, under the guarantee clauses of contracts, 
first, upon the economy; secondly, upon the capacity. In the 
first case, the trial is made at a moderate rate of combustion; 
in the second, at a rate which is expected to develop the maxi- 
mum power of the boiler, irrespective of the economy attained. 
The first is expected to represent the conditions of normal and 
efficient operation of the boiler; the second, to show what can 
be done if it is required to drive it in an emergency, and when 
cost of fuel is a secondary matter. 

I have gone over the figures in a first and oun approxima- 
tion to such a classification, and I get the following results, 
assuming that economy trials may be taken as those made with 
a lower rate of combustion than 20 pounds for anthracite, and 
than 30 pounds for bituminous coals. The following are the 
figures : 

For anthracite trials, the average rate of combustion in 
economy trials is 12.62. The presumption is, I presume, a fair 
one, that this average represents what the skilled fireman and 
the expert manager of such trials has found to be the best rate 
for the production of high efficiency combined with that mini- 
mum of power developed which best suits the market. To 
this extent Mr. Christie’s deduction is, as it seems to me, con- 
firmed.. The average of the capacity trials is 26 pounds of fuel 
per square foot of grate. The very best work usually is done 
by Pocahontas and Cumberland coals, but these are exceptional 
results which can hardly be taken as giving correct points on 
the mean line of the diagram. That line should rise considera- 
bly above the minimum thus indicated. The bituminous coals, 
taken by themselves, give, for the average of the economy trials, 
13.23 pounds, and for the capacity trials, 35.44 pounds of fuel 
per square foot of grate per hour. 

I think it has been the opinion among experts generally 
that it is possible to burn fuel too slowly for economy ; but 
these figures do not indicate such to be the fact, though there 
is certainly no noticeable gain in reducing the rate of combus- 
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tion below about 8 pounds. It is usually, I, think, assumed 
that the rate of combustion of bituminous coals should be 
higher than that of the anthracites. This comparison does not 
seem to confirm that conclusion. The difference in the economy 
trials, assuming the classification to be right, is precisely 5 per 
cent. as between the two classes, while the capacity trials give 
a ratio of 1} to 1 on the side of the bituminous fuels. The 
maximum rates of combustion, usually about 30 for the anthra- 
cites and 40 for the bituminous coals, and in the highest single 
cases, 45.4 (No. 93) and 57.2 (No. 66), are, respectively, one-third 
higher and nearly one-half higher for the bituminous coals than 
for the anthracites. 

The cases of exceptionally good performance seem to be as 
often with the one as with the other class of coals, although, of 
course, there are no anthracites in the extreme upper part,of 
the diagram. 

The most extensive collection of data for anthracite coals of 
which I have knowledge is that of Isherwood, as obtained from 
his experiments with marine boilers, both of the water-tube and 
of the fire-tube types. The tables will be found at pp. 702-5, 
in the appendix to the last edition (1896), of my JM/anual of 
Steam-Boilers. These figures have been plotted by Professor 
Carpenter, and the curve thus obtained is seen on the accom- 
panying diagram * (Fig. 130). It will be seen that the efficiency 
varies in the inverse sense with the intensity of combustion 
throughout the whole range—as it should, of course, other 
things equal, because of the increasing ratio of area of heating 


surface to the weight of fuel burned, in the unit of time, with: 


decreasing rates of combustion. 

It is evident, also, that the curve should become asymptotic, 
in the ideal case, to both co-ordinate axes. It is not unlikely, 
as I have elsewhere indicated, a logarithmic curve.t This was 
shown by Havrez many years ago. The lines on the diagram 


evidently fall too low at the left, and show too low evaporations ~ 


for the higher rates of combustion. The equations of the 
curves, as constructed, are given by the observer drawing these 


lines as, for the water-tube boiler and for the fire-tube boiler 
respectively : 


* Power, 1895. 


+ Manual, pp. 221, 227, § 98. 
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The general result indicates a superiority of about 10 per cent. 
on the side of the water-tube boiler.* 

A possibly important source of irregularity and uncertainty 
in the table presented in this paper may be found in the fact 
that the proportion of heating to grate surface is unknown 
and probably somewhat variable. This may, perhaps, account 
for the departure of some of the observations from the line of 
means, so greatly. The true comparison lies, of course, between 


Theoretical Evaporation 
T 


>) 


— + ++ 


14 Probabl diati 


12 


20. For upper Curve y=11.3-4.5Var 
For lower Curve 
ii 
2 NS 
3 


Pounds of Coal per square foot of Grate (hypothetical) 


'|Pounds of Combustible per square foot Heating Surface per hour 


160 | 170 | 180 | 190 | 200 


0 2 6 8 10 12 14 16 18 20 23 24 236 28 30 823 84 86 8&8 40 
STEAM BOILER EFFICIENCY 
Christie Full lines those of the Equations; Dotted lines those of the Writer. 


Fie. 1380. 


the area of heating surface and weight of fuel burned per unit 
of that area. Were the data given as pounds of fuel burned per 
square foot of heating surface, these irregularities would, to some 
extent at least, disappear. In this respect the Isherwood data 
have an advantage, being comparatively uniform in proportion 
of heating to grate surface. 

For general purposes, I imagine the expression proposed by 
Rankine will prove satisfactory, as will that of Havrez. The 
former may be taken as, for average cases, in good practice, 
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* Isherwood’s Researches ; Thurston’s Manual, p. 818. 


| 
HH 
HH 
| 
— 
3 


WaLLAce 


Fig, 1381. 


89 


88 


387 


86 


| 
| 0 
Ar \ AEG 
| 


iW 77, 
| 


21 


Pounds of Coal burned per Sq.Foot of Grate per Hour 


22 


— 
4 
N 
WSs 
\ 
NS 
INS 


sr 
RX QQ 


WARS 
& RN 


ENS 


18 


DBDBR+*; (yr S 


> 


2/.WN 
K G8 


N 
SSS 
S 


SS 


\ 


— — 


SS 


| 


YJ 


| 
Mi, 


| 
| 
| 
| 
| 


Uf 


“4 

GG Yy 
YY 


7 


| 


gg| 15 


22 


21 


20 


. 


13 


19 


18 


17 


16 


14 


40 


American Bank Note Company, New York. 


89 


80 


27 28 


26 


24 


84 87 


81 


Pounds of Coal burned per Sq.Foot of Grate per Hour 


Fra. 1382. 


| 
AK, Ci ty yy WY OU) WW | | | - 
rit il 18 16 17 = 4 
Ye Wy, G 
| | | | | | 1 | | | | | | | 
| | | | 
| | | | 1 | 32 383 


Fie. 181. 


TRANSACTIONS AMERICAN SOCIETY OF MECHANICAL ENGINEERS. Vou. XVIII. 


& 


B 


| 


UG 


Line of 8 Ibs. Combustible per nt. per Hour 


ANTHRACITE COMBUSTIBLE 


Diagram No. 2. 


anoy Jed 10d 
“sql 


20 
Pounds of Coal burned per Sq.Foot of Grate per Hour 


26 


22 


21 


19 


18 


17 


16 


15 


14 


18 


12 


10 


UV 
Yj 


N 


BSG 


ZEN 


10 


Fa | 
WS 

ad 

a 
8 Jed Jed 
§ 
22 
3 


21 


Pounds of Coal burned per Sq.Foot of Grate per Hour 


Fie. 182. 


W.W.Christie 


| 28 

| BIT 27 

69 

14 18 3 d | | | 


“ EFFICIENCY OF THE BOILER GRATE.” 3883 


where S and F'are the proportions of heating surface and of 
fuel burned per square foot of grate.* 

Mr. Wallace Christie.+—The writer has gone over very care- 
fully all the reports ot the tests tabulated, and has found a very 
few clerical errors ; and they have been corrected. 

Test No. 14 is thoroughly bad, and as it cannot be traced so 
as to correct it, will have to remain uncorrected. 

There are a few tests in which the water evaporated per 
pound of combustible is placed in the same column of equivalent 
water evaporated per pound of combustible, as the latter figure 
was not given in the reports of these tests. None of the correc- 
tions made nor the above noted fact have any effect on the 
diagram. 

There is no one who appreciates more than the writer does, 
the value of studying the anthracite and bituminous coals sepa- 
rately, but he was not able to get that classification ready in 
time for the meeting. Fig. 131 and Fig. 132 give the tabulation 
with only the anthracite combustible and the bituminous com- 
bustible in each diagram clearly indicated. 

In the tests the bituminous diagram shows a very decided 
loss in efficiency as the pounds of coal burned per square foot 
of grate increases, while in the anthracite diagram the efficiency 
_ seems to be less decided, which in a general way coincides with 

the conclusions of Mr. Curtis. 

Dr. Thurston’s conclusions from the data given, that 12.62 
pounds of coal per square foot of grate for anthracite coal, and 
13.23 for bituminous coal, which are the average of the rates of 
combustion in efficiency tests, come very close to 13 pounds, a 
rate which it seems to the writer as the most economical rate of 
combustion in general for rate of all coals. The mean of figures 
quoted by Mr. Levan is also 13 pounds, which also corrobo- 
rates the writer’s statement. 

As to the writer’s method of drawing the mean line, he would 
say that what he called the mean line in the paper should pos- 
sibly have been called the line of most points, as it was passed 
through or near more of the points in the diagram than any 
other line would pass through; being through or near about 
one-third of the tests. 

The writer is not ignorant of methods of drawing mean lines 
‘(as was implied by Mr. Kent). He has gone over the combusti- 


* Thurston’s Manual, § 98. + Author’s Closure, under the Rules. 
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ble diagram with the aid of a planimeter, averaging the area 
within the lines in each inch as figured, as from 9 to 10 pounds 
of coal burned and from 10 to 11, etc., and he has found that the 
general trend of a mean line obtained in that manner is the same 
as he gave in the original diagram, though not quite so decided 
in its curvature. The objection to using a line obtained in this 
way is that one space which might contain eight or nine tests 
would have the same value in determining the curve as another 
space with only one test in the same space, and the writer felt 
himself warranted in rejecting it as giving a very unsatisfactory 
line. He has prepared Fig. 133 by drawing ordinates, equally 
distant from each other to a base line, which base is the line of 
the rate of combustion ; and upon all the ordinates, beginning 
on the left of the original diagram, the combustible burned as 
located in consecutive tests on consecutive lines in this manner 
by giving each test an equal value in determining the curve. 
The mean line of curve, as drawn, can be readily seen to be a 
properly drawn curve, and it also has the same number of 
points above the line as it has below the line, not counting 
the rejected points, which seem to be, according to Mr. Kent, 
unworthy of our consideration. 

The writer has not tried to force any laws which govern boiler 
economy on any one, but his endeavor was to present the 
results of tests as given to the public, to the Society for their 
consideration, and if the paper shall have been successful in 
securing more accurate and carefully conducted tests in the 
future, it will please no one more than himself. 

The tests given in Mr. Barrus’s book were not used because 
they did not give the pounds of combustible burned. 

One conclusion which the writer wished to present as worthy 
of note was that 4 pounds of coal burned per hour under a good 
boiler was seldom exceeded in producing a horse-power (A. 8. 
M. E. standard), the average of the reported tests being 3.64 
pounds. This conclusion has not been disputed. 

Mr. Kent, in his discussion, insists on tests being used which 
are both good and bad as far as economy is concerned, but 
later, when drawing his conclusions, he rejects certain tests 
which may seem abnormal in results from those plotted near 
them, to come to a proper conclusion. 
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not absolutely technical, seems preferable to the extended tech- 
nical title suggested. The writer has reason to believe that a 
boiler test cannot be conducted too carefully, and also that the 
best tests give opportunity for the most scientific conclusions. 

The tests reported were not collected with the idea of secur- 
ing cnly the best, but all the tests that could be secured which 
seemed to be reasonably authentic were used. Test No. 103 
(not plotted in the diagram), giving such a high evaporation— 
giving 13.96 pounds of water—was made with a “ Cahall ver- 
tical” boiler fitted with a Hawley down-draft, and is correct as 
far as the writer knows; and the conditions were very favorable 
for the result obtained. 

Mr. Kent refers in his handbook to the fact that, with a well- 
constructed furnace and complete smoke consumption, 12} 
pounds of water evaporated may be exceeded ; while he calls 
anything over 12.5 in the writer’s paper simply incredible. In 
a recent issue of the Engineering Record, 12.75 is given as “a 
result obtained under conditions of established practice ; it is 
not beyond the range of reasonable expectations to look for 13 
pounds, or perhaps a trifle higher, as the possible evaporation 
when every circumstance favors economy,” as 2 per cent. effi- 
ciency gained from coal is equivalent to one-third of a pound of 
water evaporated. 

In the writer’s own record of tests the location of boilers, 
type, and heating surface is given, but for the present purpose 
it did not seem necessary to include it in the report. He also 
thinks that the slight errors which may be in the reports of tests 
are probably equalized by errors of a personal equation which 
are more or less frequent in boiler tests. 

The writer has gone over Mr. Kent’s criticism of Professor 
Goss’s work at Purdue University on a locomotive boiler, and 
understands his method of reasoning and accounting for the 
losses. The tests criticised were on a locomotive boiler and are 
not numerous enough for the sweeping assertion made. In fact, 
in his opinion, the criticism resolved itself into this—that if we 
could eliminate the spark losses the efficiency of a boiler would 
remain constant, with the same quantity of coal, burned in the 
Same time on different areas of grates under the same boiler. 
This “if” is in the way when it comes to commercial boiler 
experience. The writer of this paper, taking the matter of rate 
of combustion and the actual working of boilers into considera- 
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tion, does not have the “if” to contend with and does not 
wish his work to depend on factors which have no commercial 
value. 

With the same grate area and boiler, the writer believes 
that there is a rate of combustion which gives the greatest 
economy of evaporation for each boiler, and his conclusion, 
from the tabulated tests, is that the rate, considering all 
boilers, is between 12 and 14 pounds, or, as he has seen fit to 
call it, 13 pounds, of coal burned per square foot of grate per 
hour. 

Commercial efficiency may favor the burning of all the coal 
possible on a grade, which the writer does not deny; but theo- 
retical efficiency, he thinks, is not at any rate of combustion, 
but at some one particular rate. 

C. Wye Williams, in his Combustion of Coal, page 181, says 
something like this: “A fewwords . . . on quick and slow 
combustion . . . time is the true test of efficiency. Rapid 
combustion is more economical of time and slow combustion 
of fuel.” 

Prof. A. B. W. Kennedy, F. R. S., a recognized expert in 
England, gives the following results of tests made with a 
Thorneycroft water-tube boiler: At 7.74 pounds of coal burned 
per square foot of grate per hour the equivalent evaporation 
was 13.4 pounds; at 66.6 pounds of coal the equivalent evapora- 
tion was 10.29 pounds. Certainly this shows a decrease in 
economy with increase of rate of combustion, and being made 
by the above authority, the writer feels bound to accept it in 
preference to any theoretical conclusion. 

Rankine, in Steam Engine, page 293-94, says: “As the ratio 
of square feet of heating surface -to coal burned per square 
foot of grate per hour increases—that the rate of combustion 
decreases—by calculation—the ratio of evaporation to evapora- 
tive power of coal increases.” Consequently the efficiency of 
evaporation decreases as the rate of combustion increases. 

The average of all the tests gives the developed horse-power 
only about 9 per cent. above the rated horse-power of the 
boilers. 

Chimneys. 

Having found that a relation existed between the coal burned 
per square foot of grate, with efficient chimney draft, for 
anthracite and bituminous coal, as shown by the results tabu- 
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lated in the paper, page 367, this relation gave 1.83 to 1 as the 
ratio of area of grates ‘for the best results from anthracite and 
bituminous coal, respectively, under the same chimney. 


The coefficient | was found in all cases—a large number not 


tabulated—to be equal to the coal burned per hour square foot 
of grate ; hence in the’ equation, next to last line on page 367, 
“coefficient ” cancels the “coal per square foot of grate per 
hour ” and we have equation (1). 

Equation (2) comes by using 1.83, the ratio named above, as 
a divisor—for bituminous coal grates. 

Then equation (3) comes from multiplying G by 13, the 
economic rate of combustion. 

Putting G = A A in equation (3), we have “ pounds of coal 
per hour” = 18 x G@ x AWH. 

Of course there are limits to the use of all the equations. As 
a boiler horse-power (A. S. M. E. standard assumed) is devel- 
oped by 4 pounds of coal or less burned per hour, dividing the 
above equation by 4 gives equation (4) of the paper. 

In regard to the form of chimney formula, both Mr. Kent's 
and the writer’s are in the form of the envelope of a parabola, 
and have three variables, H.P., A, and H. 

Plotting points for a line of coal capacities with A\/H as 
ordinates and pounds of coal burned per hour as abscissas, both 
the writer’s formula and Mr. Kent’s, using “ effective area” for 
A in the latter case, give straight lines, and Mr. Kent’s for- 
mula, using “actual area” for 4, gives an irregular curved line 
in between the two. 

Some chimneys used in connection with forced draft plot at 
or near Mr. Kent’s line, while chimneys using natural draft come 
within the line of the writer’s. 

Mr. Kent’s formulas give higher coal capacities for the larger 
chimneys than the writer’s. 

The writer’s formula covers actual practice, for coal capacity, 
and, while it may be in an “ancient” form, is borne out by facts ; 
and while he has all respect for theory, yet engineers have 
tried to arrive at a purely scientific equation which will give the 
horse-power of chimneys, or coal capacity—which latter expres- 
sion he prefers. But some of their equations are clumsy and 
commercially unserviceable, and not being able to wait for the 
development of some pure equation, the writer investigated for 


| | 
| 
. 
— 


388 . “FFICIENCY OF THE BOILER GRATE.” 


himself, and has come to the conclusions of the paper, governed, 
of course, in part, by the prior work of others. 

The following tables, figured by formule given in the paper, 
will give satisfactory results to any who may use them, should 
any special allowances be needed. The user must use his own 
judgment in regard to them. 

The writer is of the same opinion as Mr. W. B. Le Van, that a 
chimney may be used somewhat above its rated capacity, and 
hopes that his work may prove of value to others, until some 
one else brings forth facts and figures enough to contradict the 
results. 

Table I. Grate area for a rate of combustion of 13 pounds 
per square foot of grate per hour. 

Table II. Grate area for a rate of combustion of 23.8 pounds 
per square foot of grate per hour. 

Table III Coal capacity of chimney. 

Table IV. Horse-power of boilers. 

Table V. Horse-power of chimneys, when two pounds of coal 
per hour burned furnishes 1 independent horse-power at engine. 
Should the engine horse-power be known, and the chimney size 
wanted, great care should be exercised in determining it. The 
last table is only intended for the one case. 

The writer would like to put himself on record as being de- 
cidedly in favor of rating chimneys at their coal capacity and 
not by horse-power. 
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TABLE AREA, 


HEIGHT OF CHIMNEY. 


50 | 60’ | 70’ 80’ | 90’ | 100’ | 110’ | 125’ | 150’ | 175’ | 200’ | 225’ | 250’ | 300’ 


GRATE AREA (@) = A/H.—For arate + combustion of 13 lbs. per sq. ft. of grate 
per hour. 


AREA (A) Sq. Fr. 
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TABLE II.—Grate AREA. 


HEIGHT OF CHIMNEY. 


60’ | 80’ | 90’ | 100’| 110” | 125’| 150’ | 175” | 200’ | 228’ | 250’ | 3007 


| Seq. 
oF SQ 


GraTE AREA (@) = + 1.83.—For a rate of combustion of 23.8 Ibs. per sq. | 
; ft. of grate per hour. 


AREA (A) Sq. Fr. 


12 
15 
19 


SAWS 


o 
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= 
18 
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TABLE III.—Coau Capacriry. 


HEIGHT or CHIMNEY. 


100’ | 150’ | 175’ | 200’ 


or 8a. 


of Coal Burned per Hour=13 x G. 


| AREA (A) Sq. Fr. 


Seren 


to 


SAWS 
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TABLE IV.—Horsr-PowEr. 
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6.5 A / H-+ 2 pounds coal burned per hour = 1 H.P. 


TABLE V.—Horst-Power (SPECIAL). 
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DCCXVIII.* 


CONTRACTION AND DEFORMATION OF IRON CAST- 
INGS IN COOLING, FROM THE FLUID TO THE 
SOLID STATE. 


BY FRANCIS SCHUMANN, PHILADELPHIA, PA. 


(Member of the Society.) 
INTRODUCTION. 


OnE of the most serious and annoying difficulties to the iron 
founder is the tendency of castings to deformation, due to un- 
equal cooling and consequent unequal contraction; excessive 
initial stresses, if not cracked castings, often resulting, no mat- 
ter how carefully moulded or with what care the iron is selected 
and manipulated. | 

Our knowledge as to the causes has been but vague, notwith- 
standing the thought and attention given the subject. 

The writer, impressed with the importance of the matter, and 
having opportunities for observation and experiment through 
his connection with foundries where great diversity in the form 
of product resulted, decided to investigate with a view of dis- 
covering what laws of physics applied and in how far the cause 
and effect were determinable and controllable. 

After some twelve years of observation and research the 
writer is enabled to submit the result of his labors, which it is 
hoped will prove of practical use to the engineer and foundry- 
man. 
GENERAL LAWS ADVANCED. 


Cast iron, as well as all other bodies, with but few exceptions, 
expands or contracts equally in all directions, with the increase 
or decrease of its temperature, respectively. Hence the pro- 
portions of a body, whether its temperature increases or de- 


* Presented at the New York mecting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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creases, remain alike. At moderate low temperatures, from 32 
degrees to 212 degrees Fahr., the change is directly as the 
temperature. At high temperatures the changes are greater 
than the changes in heat. 

Contraction takes place just when incandescence disappears, or 
when the color changes from red to black, and continues until 
the temperature is normal to that of the surrounding mediums. 


CONTRACTION AND DEFORMATION OF PRISMS CAST IN SAND MOULDS. 


A prism cast in a sand mould will maintain its alignment, 
after cooling in the mould, provided all parts around its centre 
of gravity of cross section cool at the same rate as to time and 
temperature. 

Deformation is due to unequal contraction of the elements 
of the cross section surrounding the centre of gravity of the 
section. 

Unequal contraction is due to unequal cooling, causing, or 
tending to cause, initial stresses in the elements of the prism, 
resulting in deformation or rupture. 

The rate of contraction between the fluid (heated) state and 
the solid (cold) decreases with the volume or mass of the cast- 
ing, and inversely as to time of cooling. 

Rapid cooling tends to increase the density of the iron; the 
crystals are diminished in size, and the fracture denotes greater 
compactness, with more evenness of surface and less ruggedness. 
The color tends towards white, denoting a change of carbon 
into the combined state at the moment of solidification. The > 
size of crystals decreases with an increase in combined carbon. 
Its resistance to impact is lessened, and the rate of contraction 
is increased. 

Slow cooling develops larger crystals, less density, and in- 
creased ductility. The fracture is darker or more gray in color, 
the surface uneven and rugged, and the carbon is in a more free 
state. The contraction is lessened, and the casting has greater 
resistance to shock, although its resistance to a quiescent cross- 
breaking force may be less. 

In any prism, variations in density may occur by reason of 
differences in the rate of cooling, the more rapidly cooling part 
being more dense, made so by the molecules drawn from the 
still fluid part of the casting, which, cooling later, will be less 
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dense or with a diminished number of molecules. The mole- 
cules in adjusting themselves follow and flow in lines coinciding 
in direction with the waves of cooling, being from a high toa 
lower temperature, thus tending to create a void and lessening 
the density of those parts which cool slower. 

The rate of cooling, or dissipation of heat, is uniform around 
the perimeter of the cross section. 

The total amount of heat to be dissipated per unit of perime- 
ter of section may or may not be uniform or equal, depending 
upon the character of the cross section. 

The greater the amount of heat to be dissipated per unit of 
perimeter the slower the cooling. 

A plane of neutral or mean action, relative to the total dissi- 
pation of heat, passes through the centre of gravity of the cross 
section. In symmetrical sections the action is alike on either 
side of the neutral plane, while in unsymmetrical sections it will, 
or may, vary. 

The dissipation of heat through the perimeter of a section 
follows wave lines perpendicular, in direction, to the perimeter. 

The amount of heat to be dissipated per unit of perimeter 
varies in proportion to the volume or mass of the prism of 
which the respective unit forms the dissipating side. 

The relative amount of heat dissipated in a prism, per unit of 
time, varies in proportion to the dissipating surface of the 
perimeter divided by its respective volume of cross section. 

The crystals that form in cast iron, when changing from the 
liquid to the solid state, have the tendency, when no disturbing 
causes interfere, to form themselves into regular octahedrons, or 
double four-sided pyramids, with their bases joined. 

Their size varies, the mean increasing with the slowness of 
cooling. The long axis of the crystals tends to adjust itself 
perpendicular to the plane of cooling surface of the casting. 
Thus, in a cylinder the axis would coincide with the radial 
lines, while in a square prism, the axis of the crystals being 
perpendicular to the four, sides, will tend to flow apart on a 
plane bisecting the angle of two sides; on this bisecting plane 
the casting will be less dense and of diminiahed cohesion. 

A prism, unsymmetrical in section, in which the proportion of 
cooling surface to mass varies around the centre of gravity of 
the cross section, will have the greatest proportion of smaller 
crystals in the parts cooling the quickest. Where the change in 
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the rate of cooling is greatest will be the place of greatest in- 
terference to the natural adjustment of the crystals, as to size 
and position, and hence the place of least cohesion. 

Contraction is in a direct relation to the rate of cooling and 
size of crystals. The more rapid the cooling the smaller the 
crystals and the greater the contraction. 

In any prism, unsymmetrical in section, composed of asmaller 
mass joined to a larger, the greatest longitudinal contraction 
will occur in the larger mass. This apparent contradiction to 
the general law, that contraction decreases with the mass and 
rate of cooling, is explained when we consider volumnar con- 
traction. The larger mass will have its rate of contraction 
equal in all directions; the smaller mass is restricted in its 
contraction longitudinally by the larger mass at the point of 
juncture of the two masses, but maintains its greater rate of 
contraction transversely ; were the transverse rate the same as 
that of the larger mass, its longitudinal contraction would be 
the same, but its transverse rate being greater, the excess in 
volume flows in direction of length, resulting in a greater length, 
after cooling, of the smaller mass. 

When the rates of contraction in the elements of the cross 
section of a prism are known, the resulting change in alignment 
and initial stresses, due to the differences in contraction, can be 
determined. 

The line of mean contraction passes through the centre of 
gravity, or neutral plane, of the cross section. 

In unsymmetrical sections the centre of action of the maximum 
and minimum contraction coincides with the centre of gravity of 
the area elements that are separated by the neutral plane which 
passes through the centre of gravity of the whole section. 

Modifying causes that affect the results obtained by the ap- 
plication of the preceding laws are: Imperfect alloying of 
two or more different irons having different rates of contrac- 
. tion} variations in the thickness of sand forming the mould, 
which is the medium for conducting the heat from the sur- 
face or perimeter of the cross section; when the prism is cast 
in a horizontal position, and thin layers of sand at top and 
bottom affect: the dissipation of heat, which becomes unequal 
by reason of the difference in circulation of air between the 
_ upper and under external surfaces of the mould, the upper 
surface dissipating the greater amount of heat; the position 
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and form of cores, which tend to resist the action of contraction, 
also the difference in the conducting power between moist sand 
and dry-baked cores; differences in the degree of moisture of 
the sand surrounding the prism, especially when small in mass; 
unequal exposure by the removal of the sand while yet in 
the act of contracting; flanges, ribs, or gussets that project 
from the side of the prism, of sufficient area to cause the sand 
to act as a buttress, and thus prevent the natural longitudinal 
adjustment due to contraction ; in light castings of sufficient 
length the unyielding sand between the flanges, etc., may cause 
rupture. 


INFLUENCE OF THE PRINCIPAL CONSTITUENTS OF IRON UPON THE 
RATE OF CONTRACTION. 


Carbon is the most active element, when in the combined 
state, to increase the rate of contraction. As strength and 
hardness result from slight increase in the proportion of com- 
bined carbon to that in a free state, it follows that strong irons 
have a greater rate of contraction than those in which a lesser 
amount is present. When the combined carbon exceeds certain 
limits, hardness and contraction increase rapidly and the strength — 
decreases. Increase in the proportion of free carbon has the 
opposite tendency. 

Silicon, when present, not exceeding certain limits, tends to 
free the carbon, reduces the rate of contraction, and increases 
the ductility and softness of the iron. Increasing the silicon 
up to, say, ten per cent., causes the iron to become brittle, hard, 
and weak, and increases contraction. 

Sulphur tends to change the carbon into the combined state, 
and hence increases the rate of contraction. 

Phosphorus, while tending to harden the iron, has little, if any, 
influence upon the proportion of combined to free carbon. It 
lessens the rate of contraction and diminishes the strength of 
the iron. 

Manganese, as usually present in foundry irons, about 1 per 
cent., has no appreciable effect. When, however, it reaches 1.5 
per cent., and the iron is low in silicon, it tends to hardness and 
increases contraction, although no alteration in the carbon is 
effected. In some hard irons the combined carbon is lessened, 
as also the contraction, by adding small quantities of not exceed- 
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ing 0.15 per cent. of manganese to the molten iron in the ladles 
just before pouring in the mould. Increased strength also 
results. 

Repeated remelting increases the rate of contraction; it tends 
to harden the iron and increases its density. Originally soft 
mixtures become stronger and harder, while hard mixtures be- 
come harder; the proportion of free carbon decreases and the 
combined increases; the total carbon is slightly decreased. 
Silicon and manganese rapidly decrease, phosphorus to a less 
extent, while sulphur rapidly increases, due to the fuel. 


TEST-PIECE. 


The cross-sectional area of test-pieces for determining the 
rate of contraction of a given mixture of iron should increase 
with the increase of combined carbon contained in the mixture, 
when intended for large castings. 


RATE OF CONTRACTION. 


To determine the rate of contraction in prisms of cast iron, 
when cooling in the mould to the temperature of the surround- 
ing medium, variations from rapping -the pattern, or swelling 
due to imperfect moulding, not considered. 

When the rate of contraction of a given prism is known, that 
of any other prism made of the same mixture of iron, and 
poured at the same temperature and into the same character of 
mould, can be determined. 


Reference. 


Let C = rate of contraction (decreasing with the ratio 2). 
ec =rate of contraction of test-piece for average gray 


| 1 
foundry irons ; ¢ = 96 


A = area of cross section of prism. 
a = area of cross section of test-piece, usually 1 inch 
square. 
_P = perimeter of cross section of prism. 
p = perimeter of cross section of test-piece. 


R= : = ratio of cooling surface to area of prism. 
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r == = ratio of cooling surface to area of test-piece. 


¢, = reciprocal of 


(10+ 3) 


hence C = —— sim for any value of 7 when c, = 96. 


87.2727 + R 


These formule are based upon actual results obtained from 
measurements of castings of slight sectional area gradually 
increasing to areas of nearly 600 square inches. 

The following table, computed from the foregoing formula, 
gives the rates of contraction for different values of FR: 


R= C= R= i 
1 
10 0-764 = 9-011017 0.9 136.055 °-007888 
1 
0.010981 0.8 130.909 


1 
0.010913 0.7 137.142 


1 1 
~ 93.950 = 0.010838 0.6 145.452 


1 
“93.090 9-010742 0.5 157.098 


1 1 
94.954 — 9.010609 0.4 174.544 


1 1 
1 1 
98.909 — 9-910110 208.632 — 9004910 


1 
104.727 = 9-009548 261.817 
i. 1 
{22.193 9-008184 436.36 


9 = 0.007638 
= 0.007292 
= 0.006875 
= 0.006366 
= 0.005730 


= 0.005208 


= 0.003819 


= 0.002292 
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When the cross section of a prism is not symmetrical, the neu- 
tral plane, passing through its centre of gravity, or mass, will 
divide the section into: two elements having different values 
of 


Reference. 


Let 2, = the greater ratio a for the respective element 


of the cross section, on one side of the neutral 
plane. 

C, = its rate of contraction, independent of any influ- 
ence from the other elements of the whole 
section. 


R, = the least ratio 43 of the other part of the section, 


on one side of the neutral plane. 

C. = its rate of contraction, also without regard to any 
other part of the whole section. 

C; =the rate of contraction of the element, for which 

R, is the greater, restricted by the longitudinal 
rate of contraction of the other. 

Then will 


Gy-(- Gy 
ay 


= ¢,- 


To determine the value of C; the following reasoning is pur- 
sued : 

1. The prism contracts uniformly, in all onetionts in accord- 
ance with the minimum rate (C;. 

2. The maximum rate (, exerts its influence, but j in a trans- 
26 


Cy r 4 

R, R, 

R, R, 
and 
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verse direction only, its longitudinal action being restricted by 
that of C.. a 
3. The excess of volume, due to the greater transverse rate, 
extends longitudinally, and a consequent decreased rate of longi- 
tudinal contraction, C;, results for those parts having the greater 
ratio R. ‘ 
Let a = area, after contraction from C, of part above n—n. 
Then will a = A (1 — G)’ and a, = A (1 — GY; 
when A = area of part above neutral plane n—n (see 
Fig. 134) before contraction occurs. 
Example (see diagram showing section of prism) : 


24 


6 
= = 3 ; 
2 
12.5 = 4.1666, for 
n an 3 
k which C, = 0.01048; 
p= 19000, 
Ay 9 


which C, = 0.00889 ; 


and, substituting the values, 


(L — 0.00889) — (1 — 0.01048) 
C, = 0.00889 — 
= 0.00889 — 0.00321 = 0.00568. 


Hence the rate of contraction, at distance x, from neutral axis 
n—n, will be C, = 0.00568, while that at distance «x, will be 
C, = 0.00889. 

Résumé and application of the foregoing : 

1. Find the neutral plane which passes through the centre of 


| 
| 
i 
Fie. 184. 
a 
ay ( 1) 
\ 
| 
i 
id 
| 
| 


CONTRACTION AND DEFORMATION OF IRON CASTINGS. 408 


gravity of the whole section which will be perpendicular to the 
plane of deformation, if any. 

2. Find the area and perimeter of those parts of the section 
that lie on either side of the neutral plane. 

3. Find the ratios # for the two elements. 

4. Find the centre of gravity of the two elements with which the 
centre of action of the respective rate of contraction will coincide. 

5. When the ratios # are equal no deformation occurs. 

6. When the ratios # are unequal deformation will result; 
the maximum volumnar contraction occurring in that part of the 
section where F# is the greatest, although its longitudinal con- 
traction will be less. An element of a section of a prism, 
whose contraction would be greater than the other elements 
composing the cross section were it cast separately, may, when 
cast on, have less contraction by reason of its volumnar contrac- 
tion; the transverse action taking place without hindrance, in 
accordance with its rate of cooling, while its longitudinal action 
is limited by the rate of contraction of those elements in which 
R is the least. 

7. In symmetrical sections, the greater R the greater the con- 
traction. 

8. In prisms, longitudinal deformation will consist in the 
neutral plane assuming a curve, which will be part of a true 
circle, the side having the least ratio 2 being concave toward the 


centre of the circle. 
EXAMPLES. 


Prism: Equilateral triangle in section (Fig. 135). 
n—n=neutral plane. 


sees Total area = 3.897. Total perimeter = 9.00. . 
jp E Above n—n = 1.732. Above n—n = 4.00. 
i-nBelow n—n = 2.165. Below n—n = 5.00. 
R, = 1732 2.309; 2, = 2-309. 
65 
Fie. 185. The section is symmetrical, the rate of 


cooling uniform, hence also the rate of contraction, and no 
deformation would result, as is proven by actual experience. 
1 


The rate of contraction will be, when c = 96 and R = 2.309, 
87.2797 + 34.909 ~ 102.37 


23.09 


4 
= 
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Prism : Isosceles triangle in section (Fig. 136). 
n—n = neutral plane. 


X = 0.666. Total area = 0.7500. Total perimeter = 4.8196. 
ax, = 0.445. Above n—n = 0.3333. Above n—n = 2.7131. 
x, = 0.355. Below n—n = 0.4166. Below n—n = 2.1065. 


2.7131 2.1065 1 
0.3333 =814. B= 0.4166 = 
And 
87.2727 
while | 
1 1 
34.909 = 9418 = 0.01061. 
87.2727 + 


(1 — 0.01092)? 
= 0.01061 — 0.00063 = 0.00998. 
The section is not symmetrical, and deformation results. 


TO DETERMINE THE CURVE OF DEFORMATION. 


The versed sine of the are coinciding with the centre of grav- 
ity of the whole section will be a measure of the deformation 
from the originally straight line. 


iG 
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Reference. 


Let Z = length of pattern or casting before contraction occurs. 
1, = L — LC, = length of casting at distance x, from neu- 
tral plane n—n after contraction. 
l, = L — LOC, do. do. at x. 
h = versed sine; amount of deformation = r — H. 
H=r-—h. 
d= x, + % = distance between centre of action of 
and 


(2) 


2 


In the above example of isosceles section, let Z = 36.375 and 
d= 0.8; then will 
1, = 36.375 — 36.375 x 0.00998 = 36.0119775 ; and A 


2 


l, = 36.375 — 36.375 x 0.0106 = 35.989425; and : = 17.994712. 


=18,0059887 


18.0059887 x 0.8 14.40479096 
~ 18.0059887 — 17.994712 0.011276 


+ = 180059887? + 1277.47 — 1277.59. 
h = 1277.59 — 1277.47 = 0.12 inch. 


= 1277.47. 


| 
1 
| 
Fie. 137 
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The actual deformation hf in an experimental casting was, as 
| near as it could be measured, 0.10 inches. 


Example : Moulded and flanged plate as per section Fig. 138. 


Pattern, 135 inches long; ¢ = ; 

X = 3.28. Totalarea = 3.7215. Total perimeter = 18.11. 
x, =1.91. Above n—n = 1.8965. Above n—n = 10.30. 
| a = 2.00. Below n—n = 1.8250. Below n—n ‘= 7.81. 
| 10.30 7.81. 

R,= 1.8965 5.43. R,= 1825 4,28. 


1 
0.010671 ; 
87.2727 + ~ 93.7 


1 


“4.98 


a (1 — 0.010478) — (1 — 0.010671) 
(1 — 0.010678 
= 0.010478 — 0.000390 = 0.010088. 


l, = 135 — 135 x 0.010088 = 133.6812 : “ — 66.81906. 


t, = 135 — 185 x 0.010478 = 133.5855; 2 = 66.7927. 


66.81906 x 3.91 _ 261.9625246 _ 
H= 631906 — 66.7927 0.02636 2911-82. 


r = »/66.81906? + 9911.32? = 9911.54 
h = 9911.54 — 9911.32 = 0.22 inch. 


The actual deformation measured from the casting was one- 
fourth of an inch. 


| 
| n° 
| W) j 
Y= 
|| T xt 
| | | 
é 
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Fie. 1388. 
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Senate Panelled and flanged plate as per section Fig. 139. 
Pattern, 144 inches long. 


1534" 
Fie. 139. 


8.788303 
74158 — 1.18. Total area = 7.4158. Total perimeter 


= 45.528. 
2.320012 
% = 39398 = 0.59. Above n—n = 3.9398. Above n—n = 27.608. 


= 0.68. Below n—n = 3.4760. Belown—n = 17.92. 


27.608 _ 17.92 
= = 516. d = 0.59 + 0.68 = 1.27. 


1 1 1 
= = 0.01084 when c = =. 
87.9797 + 34.909 ~ 92.26 : 96 


7.0 
1 1 


34.909 94.03 
87.2727 + ie 


(1 — 0.01063)? — (10.01084)? 
C, = 0.01063 (I — 0.01084) 


= 0.01063 — 0.00043 = 0.0102. 


C= 


C, = 


= 0.01063. 


1, = 144 — 144 x 0.0102 = 142.5312 ; = 71.2656. 


l, = 144 — 144 x 0.01063 = 142.4693 ; > = 71.2346. 


11,9656 x 1.27 90.506812 


= 4/71,2656° + 2919.56 2920.43 inches. 
hh = 2920.43 — 2919.56 = 0.87 inch. 


y y 
4 
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The actual result in a casting was 3 inch. 


Example: Flanged gutter-shaped casting, as per section Fig, 
140. Pattern, 144 inches long. 


X = 1.460. 


0.991. 


XL, = 0.839. 


| 1 1 

34.909 93.52 
87.2727 + 58 

34.909 94.42 

4.88 


(1 — 0.01058)? — (1 — 0.010693)" 
0.010693} 
= 0.01058 — 0.00023 = 0.01035. 


h 
l, 


= 0.010693. 


C, = 


= 0.01058. 
| 87.2727 + 


C,; = 0.01058 — 


lL, = 144— 144 x 0.01035 = 142.5096 ; 5 = 71.2548. 


144— 144 x 0.01058 = 142.4764 ; 


L, = 71.2382. 


71.2548 x 1.83 _ 
71.2548 — 71.2382 — 


130.396284 
0.0166 


H= = 7855.19. 


= /71.2548? + 7855.19? =7855.51 
h = 7855.51 — 7855.19 = 0.32 inch. 


| 
| 
q 
| 
| 
| T 
| 
| 
| Fie. 140. 
| 8.80 
| | = = 558: 
| 8.95 _ 
By = = 4:88. 
d = 1.88; 
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_ The actual result of four different castings varied between } 
and 4 inch, due to unequal thickness of the castings from 
uneven ramming of the sand forming the mould. 


EXAMPLES OF LONGITUDINAL CONTRACTION. 
SECTION 


bay Length of pattern = 69.750 inches. 
casting 

Total contraction 

Fie. 141, 


Actual rate of contraction = 


Perimeter, p = 3.670. 
Area, a = 0.515. 


Calculated contraction, C = 
87.2727 + 


SECTION 


) Length of pattern = 153.6875 inches. 


casting = 152.0622 “ 
Total contraction = 1.6253 “ 


Fie. 142. 
Actual rate of contraction = 153.6875 > 0.01057. 
1 
34.909 92.17 
7.17 


when p = 11.875, a = 1.65625, and c = ee 


Calculated rate, C = — 
87.2727 + 


SECTION 


vA 


Fie. 143. 
Length of pattern 154 inches. 
casting 152.375 “ 
Total‘contraction = 1625 “ 


~ 96° 
3.670 
01084 
(. 
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1.625 


Actual rate of contraction = 154.0 = 0.010552. 


1 1 
Calculated rate, C = — _ = 0.010404 ; 
87.2797 + 34.909 = 96.11 


3.95 


21:5 
5.442 at 3.95, C = on 


in which p = 21.5, a = 5.442, R = 96° 


CIRCULAR DISK. 


YY 


fy 


Fie. 144. 


Diameter of pattern = 78.8750 inches. 
Diameter of casting = 78.5625 “ 
Total contraction = 0.3125 “ 


p = 180.7500 inches. ¢= 
a = 907.0625 sq. inches. 


0.3125 


Actual rate of contraction = 78.875 7 0.00396. 


1 1 : 
Calculated rate, C = 34.909 = 269.69 — 0.0038 ; 
87.2727+ 0.199 


180.75 
907.0625 


when 2? = = 0.199. 
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SLOTTED AND FLANGED PLATE: 


Yn ' 
Yy 


Fra. 145. 


Length of pattern = 123.75 inches. 
Length of casting = 122.75 “ 
Total contraction = 1.00 “ 


Actual rate of contraction = = 0.00809. 


123.75 


The slots were in short lengths, equally distributed through- 
out the whole length of the plate, so that the average perimeter 
and area of the section was a mean between that of the slotted 
and solid portions. 

For the slotted sections: For the solid portions of the section: 


70.25 


56 


Hence the average = + 


56+64 120.0 


and the calculated rate of contraction is 


1 
34.909 126.27 
87.2727 +7 


C= 


= 0.00792. 


| 
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INITIAL STRESSES DUE TO UNEQUAL CONTRACTION. 


With the aid of the modulus of elasticity, stresses due to 
the variations in contraction can be determined. 


Reference. 


Let E = modulus of elasticity, of the iron used, in pounds per 
square inch. 

F' = tensile or compressive force, respectively, resulting 
from the difference in contraction between the ele- 
ments of the cross section in pounds per square inch. 

L = length of element of section throughout which the 
difference of contraction is distributed, in inches. 

/ = difference in contraction between the elements in 
question, in inches. 
Compression occurs in the elements having the least rate of 
contraction, tension, vice versa. 
For cast iron H = 17,000,000 pounds. 


F = 


Example: four-armed flanged ring, as per diagram (Fig. 146). 


1.5 x 0.75 +3 x3+2.44x0.375 11.04 


23.0 1 
= = 3.31, for which C = 97 81> 0.010224. 
For arm /# = 9.5 = 4,47, for which C = a 
95.08 


Circumference of neutral plane = 28.3 x 3.1416 = 88.90728 
inches, which will contract 88.90728 x 0.010224 = 0.90899 inch. 


88.90728 — 0.90899 
3.1416 


The contraction of the arms = 28.3 x 0.010517 = 0.2976 inches, 
and the contracted length = 28.3 — 0.2976 = 28.0024 inches; 
hence the difference in contraction between the rim and arms 
= L = 28.0106 — 28.0024 =: 0.0082 inch, which is distributed 
over a length LZ = 7.125 + 7.125 = 14.25 inches. Therefore, 


F= 9782 pounds square inch. This 


= 0.010517. 


The contracted diameter = = 28.0106 inches. 
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” 


136 
n 
1 
Yy 
77, 
19! 62 
Fie. 146. 


Outside diameter, 31.5 inches. 
Neutral plane, 28.3 


force, due to the diminished rate of contraction of the rim, can 
be reduced by hastening the cooling of the rim, or by the addi- 

_ tion of auxiliary plates cast alongside of the arms in the four q 
spaces, to increase the time of cooling of the arms. ig 
Were a hub cast on at the intersection of the arms, resulting 

in a reduction of the length Z for the distribution of the con- 
traction, fracture in the arms would be probable. In fact, a 
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casting was made as indicated, having a hub and two lugs 
extending out upon the two opposite arms, cast on, which 
caused one of the arms to crack and separate between the lug 
and rim. After reducing the size of the hub and materially 
that of the lugs and hastening the cooling of the rim, a sound 
casting was obtained. 


CONCLUSIONS. 


The deformation of prisms due to unequal contraction can 
be overcome by providing counter deformation in the pattern, or 
by the addition of auxiliary parts which can be readily removed 
from the casting. Generally, the section should be so subdi- 
vided or designed that the ratios f are alike around the centre 
of gravity of the section. 

In complex machinery castings the design should be so modi- 
fied or chosen that these will result in the least differences in the 
rate of cooling, or ratios # of the different members. Sudden 
changes in form cause severe initial stresses, if not fracture, and 
should be rigidly avoided. 

_ Imperfectly proportioned flanges, ribs, or gussets added to the 
main body of a casting, for either the purpose of increasing the 
strength or connections, may be sources of weakness. 

Hollow cylindrical columns, although cast of even thickness 
and left in the mould until cold, may become crooked by reason 
of the unequal rate of cooling between the upper and lower 
halves, due to the currents of air passing through the column 
and clinging to the under side of the upper half after the core 
arbor is removed, which is usually done shortly after pouring 
and while the casting is still red hot. This deformation is 
avoided by stopping the ends with sand immediately after the 
withdrawal of the core. 

Greater attention to the laws of cooling and correct forms 
and proportions of castings will result in increased strength and 
economy, besides the avoidance of annoying crooked castings 
and mysterious breakdowns. 


DISCUSSION. 


Mr. W. J. Keep.—Mr. Schumann has presented much of the 
existing knowledge regarding cast iron in a very condensed 
form. A large portion of this knowledge has resulted from 
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the investigation of the Testing Committee, and is to be found 
in its monographs in the Society’s Transactions. 

He treats cast iron as though it were a definite substance 
with fixed and known qualities, whereas no two castings are 
exactly alike. He pays no attention whatever to the chemical 
composition of the castings that he treats. For example, he 
says that slow cooling increases the resistance to shock, 
whereas this depends upon the chemical composition of the 
casting. If silicon is so low as to make the casting brittle, 
this is true; but if the silicon is high enough to entirely remove 
brittleness, then any enlargement and loosening of the crystals 
by slow cooling will lessen resistance to shock as well as toa 
dead load. 

The author assumes that the decrease in the rate of cooling 
due to an increase in the size of a casting is directly propor- 
tional to the shrinkage, which is not the case. The only com- 
parison of test bars of various sizes that should be made is of 
those which have been cast at one time under exactly similar 
conditions and from iron of uniform chemical composition. If 
the same iron has been put into all of the moulds, then any 
difference in the chemical or physical composition in the test 
bars of different sizes, will have been comoog by the variation in 
the time of cooling. 

Mr. Schumann has used the term contraction, when the com- 
mon usage the world over is to call this decrease in size of a 
casting shrinkage. If the shrinkage of a series of test bars of 
different sizes made as just described is plotted, the line joining 
the records will be a part of an ellipse. Now if we vary the 
silicon and pour with this iron another set of bars and plot 
the shrinkages, the curves will be another part of the same 
ellipse ; that is, the curve will be different for each composition 
ofiron. The curves resulting from the plotting of the strength 
of the same test bars is a part of a parabola, and the curve 
from another set of bars with the silicon varied will be another 
part of the same parabola. Professor Benjamin, in the discus- 
sion of the paper at the St. Louis meeting, “Strength of Cast 
Iron,” proposed a revised formula for computing the strength 
of one size of casting from data obtained by testing a test bar 
of a different size. Mr. Schumann now proposes a formula to 
compute the shrinkage of any size of casting. If the records 
obtained by either of these formulas are plotted, the curve will 
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be a straight line, which does not conform to the record of the 
actual test bars. A graphic solution for both shrinkage and 
strength seems to be the only one which will take in all of the 
conditions. By this method the shrinkage of any section of a 
casting can be approximated with very little calculation. 

The author speaks of a definite shrinkage of a one-inch square 
test bar for an average quality of foundry iron. As each size of 
casting, to obtain the best results, requires a different percentage 
of silicon, so as to bring the shrinkage of each to { of an inch 
per foot, the one-inch test bar made with each size of casting must 
have a different shrinkage, and there can therefore be no such 
thing as an average quality of foundry iron. He says also that 
the size of the test bar should vary with each variation of com- 
bined carbon. The percentage of silicon determines the quantity 
of combined carbon. Silicon can be varied with the greatest 
facility, and by its decrease of combined carbon it decreases 
shrinkage. 

The thing desired is a means of Seenuibien the percentage 
of silicon without a chemical analysis, and the variation in the 
shrinkage of any one size of test bar will show this. 

Mr. Schumann states that in castings in which a larger mass 
is joined to a smaller mass the greatest shrinkage will occur in 
the larger mass. 

Thinking this statement in error, I made the following castings : 

Fig. 147 has the cross section of his Fig. 135. 

Fig. 148 has the cross section of the en of Fig. 147 from 
the base to the line n—n. 

Fig. 149 has the cross section of the portion of Fig. 147 from 
the line n—n to the apex. 

Fig. 150 has the cross section of Fig. 134, but is one-fourth size 
to conform in size with Fig. 147. 

Fig. 151 has the cross section of Fig. 150 from the base to the 
line n—n. 

Fig. 152 has the cross section of Fig. 150 from the line n—n 
to the top. 

Fig. 153 has a cross section one-half inch square. Fig. 154 has 
a cross section ;'; inch x 1 inch. These are the ordinary 
“Keep’s test. bars.” 

All the test bars were one foot long, having been cast in yokes 
12: inches between the ends. The castings instantly shrunk 
away from the chilling faces, the gates were broken off before 
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the iron had set, and the sand of the mould was not held by a 
flask, so that the shrinkage of the casting was not influenced in 
any way. The iron was taken from the cupola in a 40-pound 
ladle at the middle of the heat, and it took 1} minutes to fill 
the moulds. 

The average strength of three }-inch square test bars was 416 
pounds, the average deflection 0.25 inch; deflection at 300 
pounds, 0.17 inch; set at 300 pounds, 0.02 inch; depth of chill, 
0.05 inch. The percentage of silicon is by Messrs. Dickman & 
Mackenzee, of Chicago. The following are estimated: G. CO, 3.05; 
C. C, 0.09; P, 0.975; 8, 0.088; Mn, 0.50. None of these castings 
behave as suggested by Mr. Schumann. In every case the thin 
edge shrinks most and is concave. (The reason for a difference 
between the curves on the thick and thin edges was that the 
casting was slightly strained by the gate which was placed on 
the top at the centre.. The shrinkage at the thick edge of Fig. 
150 is more than Fig. 151, but such variations are very common 
in cast iron and are caused by local conditions.) Each casting 
conforms to the law that a small casting from the same iron 
shrinks most. 

If you will take my shrinkage chart (Transactions, vol. xvii. 
page 683), and will draw a curve for .121 shrinkage of a 4-inch 
bar, and locate on it the points from the column of ratios in 
Table I., you will find that the actual shrinkages correspond with 
the approximations found from the chart, which speaks well for 
the graphic method. 

In any casting consisting of thick and thin portions, neither 
portion will shrink exactly as indicated by the shrinkage chart, 
because the thin portion receives much heat by conduction 
from the thick part, and the thick part will therefore cool faster 
and the thin part slower than if separated from each other. If 
taken as a whole, the shrinkage will be as the chart indicates. 

Mr. Schumann and all founders have come across many castings 
in which the thin portion seems longer than the thick portion 
after the casting is cold. A casting with the silicon of Fig. 155 
or 156, or like Fig. 157, in which the thin part is attached to the 
thick part only at the ends, each will show a convex curve at the 
thin edge. In a casting with a thin web, having a heavy edge on 
four sides or circular, below the web, the thin centre will bulge 
up as shown by the dotted line. I think these examples cover all 
those given by Mr. Schumann. There is no deviation from the 
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general law that the thin casting shrinks most, and there is no 
need of reference to “volumnar contraction.” In the paper, 
“Keep’s Cooling Curves,” Transactions, vol. xvi, page 1126, 
Fig. 308, referring to the cooling curve of a test bar { inch x 1 inch, 
and the curve of the bar one inch square, and imagine a curve 
between them for a bar } inch x 1 inch, and supposing that in 
the sections of Figs. 150 to 152 the thin parts are one-eighth 
inch thick, and the thick parts are } inch wide x 1 inch high, 
the part of the casting one-eighth inch thick will become erys- 
talline in one minute, and in five minutes it will shrink .068 
inch per foot; at this time the thick portion will just become 


Convex 


Fia. 155 


Fig. 156 


---- 


Curved sideways 0.030 ‘and upyard 0.028" 


Fia. 157 


Center 


\ of Side Elevation, Casting 1 foot long. 
Straight 


Straight 
8" Round Convex 


Y 


Straight 


Fig. 158 


Schumann 


crystalline and will begin to shrink. In becoming cold the thick 
part will shrink .114 inch while the thin part will complete 
the remaining .068 inch. This will leave the thin part .046 
inch longer than the thick part and it will bow away from the 
thick part or sideways in Fig. 157. If the thick part of Fig. 157 
was attached throughout the length by a very thin web, in such 
away that the shrinkage could progress in the same way as 
when separated, the thick part would be concaved toward the 
thin part. 

Mr. J. I. Gobeille—Those of us who saw Mr. Keep’s device 
at work in Detroit, learned a little about contraction of metal. 
The fact is, there is a moment where there is a temporary stop- 
page and then a slight expansion, and we may have all the 
formulas that have ever been put before the American Society — 
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which would be quite a lot—and never learn how to design a 
pattern so that the casting could be properly made. Now if you 
will imagine a cylinder of any size with a smaller cylinder at 
right angles to it, the smaller cylinder having a flange, you will 
see that the flange and the larger cylinder will continue to con- 
tract after this moment has been reached for the smaller cylinder. 
The inside nearest to the core being less apt to cool than the 
outside, there will be a strain on the inside while the outside 
will remain apparently perfect. Then this moment being passed 
and this temporary expansion moment also, it continues again 
to contract, and that casting goes in the machine and is put 
out with the supposition that it is perfectly sound; yet it is unfit 
for heavy duty. For an extreme illustration of a difficult pattern 
to cast, imagine a plate one-fifteenth of an inch thick and one 
foot by two feet in size; on three sides of this, a flange one inch 
and an eighth thick, but the thickness of the other long side is 
still only one-fifteenth of an inch. That is a somewhat difficult 
thing to make by means of any formula. It will act just con-— 
trary to ordinary rules. You would think from the thickness of 
the flange, cooling slower than the thin edge, that there would 
be a fracture, or a strain that would lead to breakage. But that 
is not so. Frequently in mountainous countries it is necessary 
to make stoves very light. In fact I have made‘several cast-iron 
stoves of good size, large enough for an ordinary family, the 
contract being that they should weigh less than 95 pounds, 
because they had to be carried on the backs of mules over moun- 
tains, and there was a limit of 100 pounds to every package. 
When you come to decide in the drawings for castings of one- 
fifteenth or even less in thickness which have to be carted over 
mountains on mules, it becomes a question of expedients—of 
casting on other parts which can be easily broken off, and so de- 
signing a pattern that one may be able to take observations of 
any special piece while cooling. It is not unusual in some cast- 
ings of that kind to make ten or even twelve before you get a 
good one. Each one will develop some separate type of mean- 
ness. I believe that the whole secret of designing patterns for 
castings, especially for steel castings—is uniformity. I might say 
right here that the steel business, perfect as it is, is yet an ex- 
periment, for while some steel works insist on having a quarter 
of an inch allowance for shrinkage, others want a minus quan- 
tity. The difference in the allowance for shrinkage in certain 
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identical forms in this country is five-sixteenths of an inch—the 
difference demanded by the proprietors. Every one has a dead 
secret and no one is to divulge why they have this or that 
allowance. What we want is uniformity of design in the parts, 
so that one part, especially where it connects to larger parts, will 
not be so light as to cool too quickly ; and this moment of tem- 
porary stoppage, and the consequent expansion before again 
contracting, must be nearly uniform throughout the casting. A 
simple expedient for a casting such as I have suggested (the 
larger cylinder with a smaller one at right angles, each with a 
heavy flange) is to cast on the smaller cylinder four ribs— 
which hold the heat and bring the moment of temporary stop- 
page to the point of the two larger members on either end. 

Mr. Gus. C. Henning.—The paper was received so late that 
neither Mr. Keep nor myself had a chance to study it up care- 
fully, but Mr. Keep with his usual energy “ pushed right ahead,” 
as they say, and made a few tests, and then compared results 
with the papers that have been presented here, mainly by him- 
self on behalf of the committee. I would like to add a few remarks 
of my own. In Mr. Schumann’s paper I was struck by the facility 
of some investigators using mathematics and determining the 
same things that others do practically who are not used to hand- 
ling formulas. And of course I have noticed that Mr. Keep points 
out here that the results pointed out in the committee work are 
in most respects practically identical with what Mr. Schumann 
now states. But of course Mr. Schumann is working under 
slightly different conditions. He is working on very large 
masses under the conditions existing in a foundry, while in our 
case we are doing experimental work, or scientific experimental 
work, in a foundry under practical conditions, but conditions 
which we could readily control. It is a different thing to make 
a casting four feet long from making a casting two feet long, 
especially when simply making straight bars in the way we did 
instead of these rather difficult castings, because the metal 
running in the mould and the different thickness of sand on the 
sides of the metal exert great influence, as Mr. Schumann points 
out. In our case we tried to control that by always having the 
sand outside of the bar about the same in every case. If you 
have a very thin layer of sand, as Mr. Schumann points out here, 
then the effect of rapidity of cooling will be very marked, while 
if you keep the thickness of the sand—I did not mean to say 
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the thickness for all same bars, but the same relative thickness 
for all the bars ; larger for the large bars and smaller for the small 
bars, so that the rate of cooling is practically the same in all the 
bars—then you will probably get results which are more nearly 
comparable, and in our work we have always been cautious to 
try to eliminate all possible disturbing influences. For that 
reason, I think, we have found results which, it may seem, in 
some respects differ from ordinary foundry practice, because we 
had to begin on a uniform basis before we went into the more 
complex problems such as you will meet in most ordinary 
work when using patterns of almost any shape. 

I think on the second page of Mr. Schumann’s paper he does 
not speak with sufficient precision in regard to the shrinkage, 
or contraction, as he calls it, of bars at high temperatures. At 
the top of the page he says that the “ changes are greater than 
the changes in heat,” but does not adduce any proofs for this 
statement, and makes no allowance for “ recalescence.” Well, 
we have found distinctly, that, provided the silicon was of the 
proper proportion, it did not vary that way at all; that in fact 
there was an expansion there which was very marked. It is the 
same expansion which I think has been noticed as long ago as 
1834; only while it was known to exist in some cases, it had 
never been defined until these experiments made by Mr. Keep 
for the committee, and the exact conditions of expansion and 
contraction, as affected by volume of casting and rate of cooling, 
are clearly shown in the various tables and curves given in our 
reports. Between the liquid and solid states a very marked ex- 
pansion, instead of constant contraction under decreasing tem- 
perature, was found, and that has been traced, as you will see 
from the paper on cooling curves, not only in cast iron but also 
in wrought iron and steel; there is not a steady contraction, 
but there is a distinct and very large and long-continued expan- 
sion, until the temperature of the iron falls from melting to a 
rather dull red. But after that moment there is always a con- 
tinued contraction with some direct relation to the fall in 
temperature. We have not yet been able to have a furnace 
constructed which will lend itself to determine the rate of con- 
traction with scientific precision, but we hope to be able to do 
that very soon, and then to report the results to the Society 
later on. I think Mr. Schumann’s paper is a very valuable one. 
It shows what accuracy can be reached by careful study of the 
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materials and methods which are used in the foundry, although I 
believe that the methods can hardly be used in most foundries 
for the reason that they have not men like Mr. Schumann at the 
head who know how to handle formulas and have time to work 
them out. They go by rule of thumb. But I am sure that Mr. 
Schumann’s paper ought to be a very valuable one for our better 
foundries. 

Mr. Schumann.—I hope that this subject will be fully dis- 
cussed, because it is a very important one. What this paper 
contains are merely the principles. The point is, Can we deter- 
mine the deformations in castings on a thoroughly rational and 
scientific basis? I maintain that we can. Can we not possibly, 
by unanimous consent, discuss the question more fully, pro and 
con ? 

I desire to take up Mr. Keep’s test bars regarding the shrink- 
age between the yokes. After gentlemen have said what they 
desire, I would ask the liberty of making a few further remarks. 

Mr. Henning.—I would like to say to Mr. Schumann that that 
will undoubtedly come up when the committee reports. We 
have been trying to get such information from practical found- 
ers, but they do not come forward. Mr. Schumann is the first 
who has ever given any work of this kind on an accurate basis 
to tell exactly what has happened in a foundry. Most of our 
founders are practical men who do not care about that side ofjit 
at all. So long as their castings come out all right, that is all 
they care about. If we had more of this kind of work, we would 
not have to do so much of that work ourselves, beginning from 
the bottom up and almost despairing of getting to the end of 
our investigations. 

Mr. F. H. Richards.—This subject strikes very close to prac- 
tical results, and I hope that it may be continued, not only 
during this session but at some future time, and that all who 
are in a position to do so will give it attention. In a recent 
case in my own experience, shafts forming parts of complex cast- 
ings, and varying from 1} inches to 4 inches in diameter, and 
from 2 feet to 8 feet in length, have been made in considerable 
numbers of ordinary good foundry iron, the chemical composi- 
tion of which I do not know, and it has: been found in those 
cases that the length of the shaft will vary from an eighth to a 
quarter of an inch by the handling in the foundry, when made 
from the same pattern. It was also found that the castings 
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came more uniform if they were poured rather cool, if the iron 
is not too hot. Such instances are, indeed, quite well known to 
almost every one who has had much experience in that kind of 
work. 

Mr. William Kent.—This paper was not issued long enough 
before the meeting to enable members to study it and form a 
correct conclusion as to how to discuss it. So I think it would 
be well if every one who is able to discuss it, would say what 
he has to say to-day, and then that this discussion should be 
continued at the meeting next spring. The subject of the 
physics of cast iron has been discussed inthe Mining Engineers’ 
Society for some years, and we have discussed some aspects of 
it in this Society for four or five years, but the end is not yet 
and the discussion ought to be continued. We now have some- 
thing to study. We have some figures and facts and formulas 
here that require thought; and after we have studied them we 
may be able to discuss them. So I hope that this subject will 
in some sort, of way be made a feature of the next meeting of 
the Society—the Physics of Cast Iron. | 

Mr. Jno. T. Hawkins.—I had occasion at a former meeting of 
the Society, a year ago I think, when a paper on this subject was 
offered, to mention the fact that in my experience I had dis- 
covered that for certain kinds of castings, as uniform in design, 
dimension, and character as could obtain in a lot cast from the 
same pattern, there was always a variation in the amount of 
shrinkage as influenced by the temperature at which they were 
poured. There was a disposition at that time to consider that 
as of no account and it was quite strongly contested in the paper 
and the discussion that took place at that time. But I am glad 
to see that the paper now under discussion does take that 
feature into consideration, and takes cognizance of the well- 
known fact that the slower any liquid solidifies—in other words, 
erystallizes—the larger are the crystals, and presumably the less 
is the density of the solid. It occurred to me that, possibly, 
the obscured variation in shrinkage in similar castings involved 
this physical process. I think that that was the cause, really, 
for difference in the shrinkage of uniformly designed pieces which 
were cast and were in every way exactly alike, except that they 
were poured at different temperatures. I have pictured to my 
mind something ‘of this kind of condition, particularly in cast- 
ings of very considerable volume, that when the cooling from 
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a high liquid temperature takes place, at first, as has been 
shown and as we generally have admitted, an expansion takes 
place from the high liquid temperature down to somewhere near 
the temperature where solidification takes place. Now, in a cast- 
ing of very considerable volume we know that the superficies 
must become solidified before the interior, and that a slower 
cooling of the interior will cause larger crystals and make the 
density of the central portion of the body of the casting less 
than it would be if it all cooled at an equal rate with the 
exterior. I think that there is a point which requires to be 
studied and experimented upon ; that is, that in castings which 
solidify, as they all do in fact, upon the superficies first, leaving 
a liquid interior enclosed by a comparatively solid shell, and 
then by the slower formation and arrangement of the crystals 
in this liquid interior body after the solidification of the exterior, 
we have that which does modify the shrinkage to some consider- 
able extent—to so considerable an extent that any attempt to 
classify or tabulate the rate of contraction as being governed 
by the amount of silicon in it, becomes vitiated very much. And 
Ithink that this aspect of the question should be taken more 
into practical and experimental consideration. I, unfortunately, 
have no means now—having been out of business for some time 
and expecting to be for a good while longet—to make any further 
experiments in this direction ; but many of you have, and it is to 
be hoped you will make them. 

Mr. John A. Brashear.—Perhaps I may be able to throw a little 
light on this phase of the subject, though it is perhaps hardly to 
be expected that a person interested in so different a material as 
glass could throw any light on cast iron. But I have been very 
much interested in this subject in the last twenty years, and 
have often thought it a pity we could not look into a casting as 
we can into a piece of glass. In the construction of a great tele- 
scope glass disk, one of the most difficult things which is met with 
is to control the shrinkage in finally cooling the glass block which 
is melted down to form the disk. In working an object glass 
very small changes of temperature have a serious detrimental 
effect, and as we are dealing with hundred thousandths of an 
inch, and often millionths of an inch, in the construction of some 
of the surfaces, we can study changes which are going on, in a 
very marked degree. Now it is absolutely necessary in the con- 
struction of great telescope objectives that the glass be homo- 
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geneous in its annealing. A great many studies have been made 
upon this subject. Dr. Schott and Dr. Abbe of Jena, through 
the help of the Prussian Government, spent about $15,000 or 
$20,000 upon this very subject. They are now producing glass 
of most beautiful quality so far as its annealing is concerned, 
and they find that when the temperature comes down to the 
time of the formation of the crystalline structure of the glass, 
that then is the critical period in making any perfect teles- 
cope objectives ; and this temperature is found to be about the 
temperature of incandescence or about 997 degrees Fahr. I 
have no doubt there will—in the investigation of this subject 
—be found a time which is critical in the cooling of a casting. 
I sincerely believe if you want to make strong and perfect 
castings, that if you can take them from the mould and place 
them in an oven of some sort where the temperature conditions 
can be arranged so that the molecular structure may have time to 
form in a natural and normal condition, you will vastly improve 
the castings. After all, what is annealing? It is simply allow- 
ing time for the molecular structure to form naturally without 
one part pulling upon the other. Those of you who have broken 
a rectangular box casting through a corner have seen that the 
molecular stress has not only pulled the crystals apart but 
formed very interesting geometrical figures, the shape of which 
is a function of the geometrical contour of the casting itself. 
I believe if the subject of proper cooling of castings be carefully 
and critically studied, it will be of great value to the mechanic 
and to the physicist. There is no doubt in my mind that there 
is a critical time in the cooling of any kind of a metal casting, the 
same as there is in glass. As we cool our castings now, the 
outside cools rapidly, and this goes on in a lesser degree until 
the centre of the casting is reached. 

I trust the investigations now being carried out by your com- 
mittee will throw new light upon this interesting subject. I 
firmly believe that all material which is first made fluid by heat 
in order to put it into the shapes we wish it for use, must of 
necessity cool so slowly and regularly that the molecules will 
have ample time to arrange themselves in the order of nature, 
else molecular strain is inevitable. 

Mr. Webster.—I desire to call attention to an experiment 
made by Mr. I. Lothian Bell in 1880. This “apparatus con- 
sisted of an upright cylindrical mould, 6 feet long by 6 inches in 
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diameter.” He measured the expansion which took place from 
time of pouring. His results are given with description of 
apparatus used in the Journal of Iron and Steel Institute, No. 1 of 
1880. His results are plotted on the diagram which I now 
show you (Fig. 159). The expansion lengthwise was, at the end 
of three hours, 3$ inches; and at end of six hours had contracted 
to original length of 72 inches; after this the casting continued to 
decrease in length for a period of eighty-four hours, as shown by 
the heavy line in the diagram. Mr. Bell took no other measure- 
ments whatever, and his results cannot be relied on as showing 
any increase in volume. Recently Mr. Keep has made similar ex-: 
periments, but he also neglected to take measurements enough 
to show increase or decrease in volume, and until this is done 
we can place no reliance whatever on the results obtained. 

Mr. Brashear—Did he have the temperature coefficient 
with it? 

Mr. Webster.—No ; they are not here. But here it says for a 
period of five hours in a mass only 6 inches in diameter. So 
that indicated expansion did extend over a period after the 
material was solid. 

Mr. Henning.—That depends on the size of the casting. We 
found on a 4-inch bar that it took four hours, and on a 6-inch 
bar it took five hours. 

Mr. William Kent.—It seems that we will have to continue 
this discussion at the next meeting, and as many members’ 
minds will be devoted to the subject of cast iron at that meet- 
ing, I wish some one would undertake to answer this question : 
What is the difference between the Hanging Rock and Salisbury 
cold-blast charcoal irons, which gave extraordinary records for 
strength twenty or thirty years ago, and the ordinary cast iron 
of the present day which we are using in castings? Is it only 
a chemical difference or a physical difference, or is it something 
in the nature of a mystery that no one has yet explained? We 
do not believe much in mystery at the present day ; we say that 
physical. phenomena should be explained by science. But if it 
is possible to make in the blast furnace, as has been made, iron 
running from 35,000 to 45,000 pounds tensile strength, why 
should the world continue to use iron which has only from 12,000 
to 15,000 pounds tensile strength ? 

Mr. Johnson.—I would just like to say in answer to Mr. Kent’s 
question about the Salisbury and Hanging Rock charcoal iron, 
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which used to be obtainable in the old days, and which were so 
much superior to anything else of their time or ours (as he 
thinks), that being made with charcoal didn’t have a great deal 
to do with it, and that iron of a similar character can be had 
to-day made with coke. 

You, Mr. President, have already explained that the strength 
of this iron is due to low phosphorus. At Emberville, Tenn., 
they make a special low phosphorus iron; that is, the phospho- 
rus is almost down to the Bessemer limit. The silicon is low, 
and the sulphur is guaranteed to be less than one-twentieth of 
one per cent. This iron has been made repeatedly to break up 
to 40,000 or 42,000 pounds per square inch. That is about what 
the strength of the Salisbury iron seems to have been, and I 
think it is due to the same causes—low sulphur and phosphorus 
and moderate silicon. 

Mr. Jno. T. Hawkins.—1 would like to add one more word. 
I would like to corroborate what a recent speaker has said 
as to the futility of casting a test bar within a rigid yoke, if one 
of the objects to be attained is to determine by its length the 
amount of shrinkage. This physical fact seems to be pretty 
well established—I think no one disputes it—that in pretty 
nearly all substances which are ordinarily capable of existing 
in the three states of matter, in the passage from the liquid to 
the solid state there is, at some critical period at or near this 
point, a very great change in its volume, and that the point of 
maximum density is not in the solid, for any substance ; that it 
is somewhere in the liquid state near the point of solidification. 
That seems to be abundantly proved for cast iron by the 
fact that a piece of solid cast iron of any temperature, if put 
in the liquid metal at any temperature whatever, will float 
upon it. There may be some things which modify this to some 
extent, but it is almost universal. Ice floats upon water, show- 
ing that the density of the solid is less than that of the liquid. 
So that I maintain that, somewhere about the point of solidifica- 
tion there is some critical process going on in the arrangement 
of the particles or crystals of the material which would very 
much vitiate any attempt to determine the shrinkage, if the bar 
was cast between rigid abutments ; because if there comes a 
period somewhere near solidification, where it considerably 
expands, as we know it does, it could not expand longitudinally, 
but would thicken, so that its length would not determine the 
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shrinkage afterwards. And I have been of the opinion for a 
very long while that there is something about the behavior of 
all substances, in passing from the liquid to the solid state, 
which is not fully understood, and so far as the shrinkage of 
metals is concerned it is a very important item, and I am very 
glad to see that to some extent that factor in the subject has 
obtained recognition. 

Mr. Brashear.—It may be interesting, Mr. Chairman, to state 
that in my studies of the various forms of glass castings the 
molecular strain seems to be a function of the shape of the 
object itself. If you take a circular disk of any diameter or 
thickness, the cooling seems to produce a _ circumferential 
molecular strain. The result of this is that breakage is always 
diametral. I have had in my workshop disks 8, 10, even up 
to 20 inches, which were not perfectly annealed, and by a little 
shock in the workshop, or a slight blow upon the glass itself 
these disks burst into probably a thousand pieces, many of them 
in the shape of sectors of greater or less area. 

I have no doubt that a proper study of castings in regard to 
their shape to relieve any direct or angular molecular strain may 
add a great deal to the strength of the casting. As I have already 
said, I wish we could look through a casting with a polariscope 
or some other instrument as we can through a piece of glass, and 
I hope in the near future to give the Association some notes 
on my studies of this interesting and perplexing problem. 

The President.—I do not know about the manufacture of 
glass, but in iron they always radiate from the centre to the 
periphery, you know, whether it is a square or a round. 

Mr. Henning.—I think it is due to Mr. Keep that I say a few 
words about his shrinkage yoke, because it is so generally mis- 
understood. The yoke consists of a bar with two carefully 
ground surfaces, and it is moulded in the sand, and the bar is 
moulded between the ends ; that is, the sand is simply cut out. 
Now the metal is cast through a gate, of course, at the centre, 
and it rushes and strikes the chilled surfaces at the ends at 
once. That is the first thing that happens, and instantly, 
quicker than we can observe, the metal is chilled to a certain 
depth, depending upon the character of the iron. That is also 
uniform and constant. The very next instant, before this bar is 
solid—when it, is still, in fact, so soft that it is quite liquid, 
except at the parts where a skin, which is less than one one- 
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hundredth of an inch thick, has been formed by the liquid coming 
in contact with the sand, the whole bar is liquid. The result 
of that chilling is the following: The material draws away from 
the yoke a measurable distance. We have found that out by 
certain means and methods which are very easily demonstrated 
by actual test, by putting in a little piece of sheet steel, and the 
moment after pouring the sheet steel is drawn out. It is free ; 
it does not hold at all. Of course the sheet steel is oiled a little 
bit, just the same as these yokes are. The next effect will be 
that the sand becomes heated instantly, the bar expands, and 
having been cleared of the test piece growing constantly longer, 
of course it expands in the sand. It does not bear against the 
end of the test piece. Therefore, from the instant of pouring, 
the bar does not bear against the yoke any longer, and the yoke 
exerts no end pressure (demonstrated by actual experiments 
and investigation) against the bar. So that what Mr. West 
has said against the use of the yoke, and what Mr. Schumann 
has just said, is due to a misapprehension. The things do not 
happen as has been understood. In other words, it is asserted 
that the shrinkage of this whole bar is vitiated on account of 
the chilling of the end. Well, the chilling of the end never 
affects the small bars which are used as much as a quarter of an 
inch at each end; while the contraction of the whole bar, or 
the shrinkage, is directly dependent upon the length of the bar. 
That may be twelve inches or more. That is, half an inch out 
of twelve, or one-twenty-fourth of the total length of the bar. 
Therefore, if the total shrinkage of the bar is one-eighth of an 
inch, the contraction of the part of the bar, which will be 
vitiated, will be one-eighth times one-twenty-fourth, which, as 
you see, is a negligible quantity when we measure only to thou- 
sandths of an inch, because the total shrinkage is so small— 
one-eighth of an inch per foot. If we did, then, take that into 
account, the results would still be practically correct, for this 
reason: This bar is no longer against the chill, but that mate- 
rial has solidified the depth of the chill, and we know from 
investigation that that chilling does not continue after the first 
instant of contact of the bar. It does not make any difference 
how thick we make this bar or how thin, or whether we intro- 
duce other elements which might change the chill ; we found the 
chill always the same, whether after cutting away the sand at 
once after pouring, or allowing the bars to cool in the sand. 
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Now the total error due to the chilling effect of the yoke is only 
the slight difference of contraction of the chilled quarter of an 
inch at the ends and any other quarter inch in the bar. We 
determined that the yoke did not vitiate the measurements of 
total shrinkage of the bars, as has been pointed out repeatedly 
because of a misapprehension of the action of the bar. Now 
this will all be demonstrated by the series of tests which are 
going to be made. We are going to have a bar free in the fur- 
nace, without the surrounding effect of chilling materials—sand 
or anything else—and will find the actual expansion and con- 
traction when the bar is affected by nothing but heat; and in 
that case we will certainly know whether the contraction and 
expansion occur before or after the period of solidification— 
because we have determined that the great contraction occurs 
after solidification. It does not occur while the material is 
liquid at all. Once the material becomes solid it begins to 
expand very materially, and contracts after it reaches a much > 
lower temperature, when the bars are already almost rigid—not 
rigid in the sense of a cold bar, but so rigid that you can take 
it out of the sand with a pair of tongs and it won’t break. Just 
before that instant the bar will be solid, but will break all to 
pieces as soon as touched with anything, because there is no 
cohesion, although the material is no longer liquid. But we 
will try to find those things out later on. 

Mr. Hawkins.—I would like to say in reference to the exhibit 
just made that it does not in any way set aside the objection 
that I raised to the yoke, because the removal of that little 
piece of steel would not be done until solidification had taken 
place at least at the ends. If they did remove it before solidifi- 
cation had taken place the metal would flow to the yoke and fill 
up the space, and the conditions would be just the same. So, 
of course, you remove it after solidification has taken place. 

Mr. Henning.—No, sir. 

Mr. Hawkins.—Well, then, it appears to me that this expan- 
sion which we know does take place somewhere at the point 
of solidification has forced the metal of the bar laterally —that 
is to say, thickened the bar where it would otherwise, if it 
had perfect freedom, have gone into lengthening it during the 
expansion. Now if you have obstructed that expansion with a 
yoke, no matter if you have removed that piece of steel and 
given it freedom during its contraction, you have still- allowed 
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that troublesome element which governs its shrinkage before that 
was removed by having that expansive action exerted upon the 
bar and exerted to thicken the bar, so long as it could not 
lengthen, which vitiates really what is the amount of longi- 
tudinal shrinkage after you get through. 

With reference to the gentleman on my left who spoke about 
the circular stress in his castings of glass, I think that that is 
entirely due to the disk form of the casting; being in this form 
the strains would necessarily be in a circular direction. I think 
that a good many here will remember my calling attention, in 
discussing the other paper I mentioned, to some experiments 
_ made by a Mr. Jackson, now deceased, of the then Architectural 
Iron Works in Centre Street, New York; where he made some 
very careful experiments—in 1873, I think it was—to show the 
necessity of the uniform cooling of a casting in all its members. 
He designed a series of specimen pieces which were in various 
forms, but a typical one was a fly-wheel with a very large rim 
and extremely small straight arms. First he cast those in the 
ordinary way, uncovered the mould, just as is commonly done 
in foundries after the metal is poured and solidified, and in 
every case the arms drew away from the rim; that is, they 
broke either at the juncture of the hub and the arm, or the 
juncture of the rim and the arm. Then he took exactly the 
same pattern and moulded the same casting from it, but he also 
moulded with it, from separate patterns, large chunks of iron, 
following the outline of the straight arms and the rim; between 
each one of those arms was one of these pieces, leaving a thick- 
ness of sand between these chunks and its casting. Each piece 
of metal between the arms was a separate casting. All were 
poured together and not uncovered; this simply serving to 
retain the heat in the small members and make the whole to 
cool uniformly. As the result of those two experiments, were 
exhibited a whole lot of different forms of casting, where the 
slight members had become ruptured by shrinkage as ordinarily 
cast, whereas the self-same things cast with these intervening 
chunks of metal, and allowed to cool gradually and uniformly, 
were perfectly intact, and there were no signs of strain in them so_ 
far as could be determined. I merely mention this to show that 
the circular shrinkage was simply a function of the form of the 
piece ; that lengthwise contraction does take place in such metal 
as arms of fly-wheels, and many other forms. One of the great 
28 
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things to be observed in cases of that kind is simply to have all 
parts become reduced in temperature at a uniform rate after 
the temperature of shrinkage is reached. No matter how fast or 
how slow it is, if it is all done alike there will be no interior 
residual strains in the casting. 

Mr. [enning.—I would like to say that the very thing which 
Mr. Brashear has pointed out is one of the things which our 
committee have been trying for a year to arrive at. It has taken 
the manufacturers a year to study the structure of a furnace 
which will allow us to heat the bars. Mr. Uehling has promised 
to loan us one of his pyrometers, and Simonds, of Dayton, 
Ohio, are making an electric pyrometer of their construction 
to loan us at the same time. We propose to heat the bars 
gradually and uniformly up to a certain temperature and ob- 
serve by autographic apparatus the behavior of the material, 
and then simply stop the heating and allow the furnace to cool . 
down and get the inverse curves, and by that means we will 
find out the exact point of time and temperature at which 
crystallization and all other physical phenomena in connection 
with the heating and cooling of bars takes place. But if it takes 
us a year to try to get the apparatus, it will take us probably a 
little longer to make the experiments themselves ; but we hope 
to do that without being able to see through the material as can 
be done in glass. 

Mr. Francis Schumann.*—In my paper I speak of “ average gray 
foundry irons.” -I venture to say that if all the foundries in the 
United States which make machinery castings made a test piece 
four feet long and one inch square, the contraction of such test 
pieces would be about an eighth of an inch to the foot. 

I will speak first in relation to the word contraction as used 
in my paper. What word expresses the opposite of expansion ? 
What word the opposite of swelling? I think it perfectly 
proper to adopt the word “contraction” as the opposite of 
expansion, in preference to the word “shrinkage.” In the 
foundry we say shrinkage—I use it myself; but in a formally 
prepared paper we must be more choice in our language and 
sufficiently precise to exactly express our meaning. 

Another matter is the determination of the rate of contraction 
by the methods of Mr. Keep. I avail myself of this oppor- 


* Author's closure, under the Rules. 
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tunity to place. myself on record as being entirely opposed to 
it. Mr. Keep determines the contraction by casting the test 
bars between iron yokes. An element of error immediately 
creeps in which at once spoils the test pieces as proper gauges 
for determining the rate of contraction of a casting made in 
sand moulds. The effect of the yokes is to chill the ends— 
no matter how quickly they are removed—thus causing an 
increase in the contraction at the ends of the bars, which 
does not oceur when the yokes are omitted. This is a source 
of error. 

The proper method to determine the rate of contraction is to 
cast the test pieces of sufficient length so that any change can 
be readily measured, and errors from adhering sand or rapping 
of pattern become a minimum. For instance, in a casting say 
four feet long we can certainly attain a closer approximation to 
the rate of contraction than in one only one foot long, aside 
from errors by reason of sudden cooling at the ends from the 
yokes. I think the committee on tests should consider whether 
this element of sudden cooling caused by the yokes is not a 
source of error. 

A further point by Mr. Keep is that I am wrong in my views 
regarding the effects when a light section is cast on to a heavier. 
Virtually, the gist of my paper and the result of twelve years of 
observation was the discovery why the lesser section contracted 
less, longitudinally, than the heavier. The older idea was that 
the light section would cool first and contract to a certain 
length, while the greater section would continue to contract to 
a greater extent—right in contradiction to the fact that the 
smaller part. was supposed to contract more than the larger 
portion. How can we reconcile this contradiction otherwise 
than by considering volumnar contraction ? 

Bearing upon the remarks of Mr. Brashear as to the critical 
point in the cooling of castings, Mr. Wrightson and Mr. Mark- 
ham, some years since, observed expansion after pouring the 
metal in the mould, occurring, possibly, immediately before or 
at the time of solidification. 

We do not know if this re-expansion should be taken in the 
sense implied. This apparent re-expansion may be as follows: 
When the metal is poured in the mould the difference between 
the temperature of the sand of the mould and the molten iron 
is probably something like 2,000 degrees Fahr. The first change 
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will be the loss of heat of the surfaces coming in contact with 
the colder sand of the mould. The loss of temperature at this 
stage will be rapid, causing the outer film of the casting to 
solidify. Eventually the sand will attain a temperature nearly 
that of the casting. When this is reached the higher tempera- 
ture of the internal portions of the casting, which are still in a 
fluid state, will assert itself to raise the temperature of the outer 
film, causing expansion, which will maintain until complete 
solidification of the casting has taken place; after which, with 
the loss of incandesence, contraction begins and continues until 
the casting is cold. 

I have never observed this re-expansion in my practice, 
although I have tried to observe it by watching for its effects 
when making castings. Mr. Whitney, of Philadelphia, also 
agrees with Mr. Wrightson as to the existence of this second 
expansion. 

My conclusions are, that to determine the deformation of a 
casting, test pieces of the particular mixture of the iron to be 
used in the casting must be made from which the rate of 
contraction is determined, to be used as a basis in the formula 
given. From the deformation so found, counter deformation in 
the pattern is provided to obtain a normal casting. 

If we make the cross section of the arms of a fly-wheel so that 
its rate of cooling will be greater than that of the rim, the initial 
stresses to separate the arm may be such as to be a grave source 
of weakness. The cross section should be so designed and pro- 
portioned that its rate of cooling should be the same as that of 
the rim so as to insure the same rate of contraction. 

The proper proportion of a casting is rather a matter for the 
engineer than the foundryman, and the strict observation of 
the laws of cooling must be considered as a most important 
factor in designing a machine or structure. 
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DCCXIX.* 
ALUMINUM-BRONZE SEAMLESS TUBING. 


BY LEONARD WALDO, BRIDGEPORT, CT. 


(Member of the Society.) 


I. THE NATURE OF ALUMINUM BRONZE. 


Ir is important that correct ideas prevail as to the nature of this 
commercially new material. Diverse views have found expression, 
but among those having experience and observation of the metal, 
the opinion that aluminum bronze is a chemical combination of 
aluminum and copper, according to definite atomic proportions, is 
becoming fixed. It is a difficult question of metallurgical chemis- 
try to determine the laws of this combination, since the valency of 
aluminum is in doubt, and it is apparently true that the aluminide 
or aluminides of copper formed by the union of copper and 
aluminum are freely soluble in molten copper. Whatever the 
atomic relations of the combination are, we have the following 
observed facts indicating a chemical combination between the 
copper and aluminum in aluminum bronze: 

1. Under favoring conditions well-developed crystals, showing 
fixity of chemical composition and perfect regularity of form, are 
found in ingot metal. 

I give in Figs. 161, 162, 163, 164 illustrations photographed 
from the beautiful specimens in Mr. E. S. Sperry’s collection. 
Figs. 161 and 162 are well-marked octahedra; the others show 
more complicated forms. 

2. Evidence of intense chemical action takes place on adding 
molten aluminum to molten copper. The evolution of heat causes 
the mass to rise to whiteness with free evolution of gases. 

3. The molecular volume of the resultant mass is less than the 
theoretical volume. The specific gravity and electrical conductiv- 


* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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ity are different from values based on the assumption that the 
aluminum and copper are merely mixed together. 

4. The color of the compounds corresponding to the formule 
Cu,Al and Cu,Al closely approximate each other and a true gold 


Fie. 161.—CrYSTALS OF ALUMINIDE OF COPPER. NATURAL SIZE. 


color; while the color of Cu,A1 is distinctly greenish and resembles 
brass. 

5. The compound resists chemical action to which one of its 
components will sometimes yield. 

6. In remelting the compound, both the copper and the alumi- 
num give evidences of oxidization, although, if the aluminum ex- 
isted in the free state, the aluminum only should oxidize, and the 
copper should be protected by the action of the aluminum. 
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Fig. 162.—CrystALs OF ALUMINIDE OF COPPER. DIAMETERS. 


7. When aluminum bronze is in a mass and the various parts 
are examined by chemical analysis and optically with the micro- 
scope, it is found that every part of the solid mass is identical in 
its chemical composition, and at no point is there any appearance 
of liquation or any free aluminum. In making this experiment it 
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is necessary that the bronze be so made as to insure a perfect fusion 
of its components in its preparation. . 

8. Unlike ordinary copper alloys, aluminum bronze preserves its 
identity up to its melting point. It does not become red-short, 
but it can be forged to a knife edge at a bright red heat, and at 


Fig. 163.—ALUMINIDE OF COPPER CRYSTALS. NATURAL SIZE. 


this temperature shows no tendency to “sweat” its aluminum or 
to otherwise change its chemical relations. The melting points 
of those compounds corresponding to Cu,Al and Cu,A1 are nearly 
identical (1,030 degrees Cent. = 1,886 degrees Fahr., Le Verrier). 

This condition is illustrated by Fig. 173, which shows the two 
ends of an aluminum-bronze tube drawn apart at the tempera- 
ture of 1,300 degrees Fahr. = 705 degrees Cent. Figs. 170 and 171 
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show the appearance of brass under the effect of a lower temper- 
ature. 

9. There are no allotropic forms known of aluminum. It acts 
feebly as a base, but in many known cases plays the part of an 
acid radical, forming with other metals, such as iron, magnesium, 
etc., a series of aluminates. The equivalency of the aluminum here 
isin doubt. In the case of the compound A],Cl, and its class, 


Fig. 164.—ALUMINIDE OF COPPER CRYSTALS. NATURAL SIZE. 


aluminum is probably a tetrad. In the case of aluminum methide, 
Al(CHs),, it seems to be a triad. The equivalency of copper is also 
in doubt. It is probably a dyad. It is believed to have the 
property in certain cases of becoming a negative acid radical, 
and at least four oxides are known. The chemistry of the copper, 
oxygen, and aluminum elements, not including the occluded gases 
which are set free at the melting temperatures, thus becomes 
highly complicated, and the exact reactions taking place must vary 
with varying crucible charges and furnace treatment. Most 
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probably there will be found to be a series of compounds of 
aluminum and copper, and these compounds may exist in such 
numbers that we may find for practical purposes that aluminum 
combines with copper in all atomic proportions. Debray 
(Comptes Rendus, 43, 925) points out that if Al,O, and CuO are 
strongly heated with carbon, we get the result Cu,Al. For con- 


Fic. 165.—HypravuLic Draw BENCHES, PoPE TUBE Co. 


venience of reference, | give the more important percentages of 
aluminum which correspond to the formule opposite : 


Assuming the atomic weight of aluminum = 27.0 and of copper = 63.2. 


PER CENT. OF Per CEN’. OF 
ALUMINUM. ForMULA. 
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It is perhaps unnecessary to restate the above considerations, 
which have led the best authorities to the conclusion that the 
so-called alloys of copper and aluminum must be considered 
as radically different from the various metallic mixtures of copper, 
zinc, tin, nickel, manganese, and lead which have made the bulk 
of the copper alloys of commerce. There are, as is well enough 
known, certain chemical compounds among these last-mentioned 
alloys. These chemical compounds are useful as illustrating in 


Fie. 166.—HypravuLic Draw BEncHES (PoPE TUBE Co.), FEED ENb. 


kind, but not in degree, the affinity between copper and alu- 
minum ; since even in such definite compounds as CuZn, and 
SnCu, the affinity is weak, while in the aluminum bronzes or 
aluminides of copper there is no commercial method of sepa- 
rating the two constituents. 

The result of this chemical union is the strongest of the copper 
compounds or alloys. Wire is readily drawn from it with a tensile 
strength of 180,000 pounds per square inch. Indeed, it is within 
the range of possibility that, as the effects of small percentages 
of silicon and other agents are better known, cold-drawn alu- 


| 


444 ALUMINUM-BRONZE SEAMLESS TUBING. 


minum bronze may be made which shall approach the highest 
attainment of special steels—at least in their untempered state. 
But there are points in which aluminum bronze seems me- 
chanically superior to any steel. It cannot, at present, be tem- 
pered; but it does not seem to show any change in the nature 
of crystallization under stress or shock. Thin soft ribbon may be 
indefinitely coiled and uncoiled or run over rollers. A bar may 
be struck indefinitely upon one end: I cite an instance where 


Fie. 167.— ANNEALING TUBES AT THE PoPE TUBE WORKS. 


a rifle firing-pin was struck over 120,000 blows without appar- 
ently changing its molecular condition. It can be made of all 
degrees of hardness, and its strength and percentage of elongation 
varied from 40,000 to 100,000 pounds per square inch, and from 
seventy per cent. to one per cent. in ten-inch bars. As an illus- 
tration of this combination of strength with ductility, I cite the 
fact that aluminum-bronze cartridges made for the new small- 
calibre low-trajectory rifle were fired for more than ninety con- 
secutive rounds, charged with smokeless powder, at the Frank- 
ford Arsenal, for a firing test, Added to these mechanical values 
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are the chemical resistance to corrosive influences and the small 
electric potential of the combined aluminum and copper. The 
non-corrosiveness is only excelled by that of the noble metals; 
and the low, almost zero, electric potential of the aluminum 
bronze gives it a value in structural engineering which peculiarly 
fits it for acid industrial works or water-tube boilers and con- 
densers. This value has already been tested on a large scale in 
underground tide-water retaining bolts in our seacoast batteries, 


Fic. 168.—ANNEALING FURNACES AT THE POPE TUBE WORKs. 


and in sulphite pulp mills and the electrolytic vats of large copper 
refineries. As its cost is reduced by improved methods of work- 
ing, it is finding its way into many uses where steel or iron has 
a short life from rust, inability to resist corrosion, or lack of 
density and strength. 


II. THE PRODUCTION OF SEAMLESS TUBES. 


It has long been evident that aluminum bronze was an ideal 
metal for drawn tubes; but serious difficulties presented them- 
selves at every stage of production, from the ingot down, It was 


| 
Ame 
‘ 


446 ALUMINUM-BRONZE SEAMLESS TUBING. 


my belief that the Mannesmann or some kindred process presented 
the most feasible solution of getting the cylindrical ingot ina 
sufficiently economical way, and after the ingot was.obtained that 
some plant capable of cold-drawing the higher grades of steel was 
necessary to produce the finished tube. Experiment had shown 
that aluminum bronze was not to be economically worked, or even 
worked at all with many grades, on draw benches originally 
planned for copper or brass. The hardness and high tensile 


Fie. 169.—TEsTING MACHINE AT THE POPE WORKS, ARRANGED WITH A 
SUSPENDED FURNACE TO ‘EST ALUMINUM-BRONZE TUBES AT HIGH 
TEMPERATURES. 


strength combined were found to be destructive to the dies used 
in the best hydraulic benches for brass and copper. It remained, 
therefore, for the combination of the casting plant of the Waldo 
Foundry, under the direction of its superintendent, Mr. E. S. 
Sperry, to furnish the solid billet; for the newly introduced 
Mannesmann plant at the rolling-mills of Benedict & Burnham at 
Waterbury, under the superintendence of Mr. Chas. 8. Morse, to 
convert the solid ingot into a cylindrical tube; and for the new 
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Fie. 170.—Govr. Brass, ‘ A.” Fie. 171—Orpinary Brass, ‘‘ C.” 


Pope Tube Works, built to cold-draw the nickel and other strong 
steels, under the superintendence of Mr. H. H. Eames, to convert 
the cylindrical tube billet of the Mannesmann process into the fin- 
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ished tube for the market. To these three-gentlemen is due the 
success of the process of which I have here for your inspection 
various results. 

The process of making a solid aluminum-bronze ingot has not 
yet been described. The system of solid hot tubular ingot-rolling 
known as the Mannesmann process is outlined in some detail at 
page 384 of the Zransactions American Institute of Mining Engi- 
neers, vol. xix., for 1891. The Benedict & Burnham Company 
have introduced benefiting changes in the details of the process 
there described, and the Waterbury plant is a model of its kind. 
From one to two minutes is the time required to reduce a solid 
three-inch billet to a cylindrical forging ready for the draw bench. 

After leaving the Mannesmann rolls the cylindrical aluminum- 
bronze ingots were given several passes on the draw benches at 
Benedict & Burnham’s, to lessen their size to a point where they 
could be taken by the Pope Company’s benches as at that time 
completed, the Pope Company’s larger benches not yet being in 
place. 

The new hydraulic cold-drawing plant of the Pope Tube 
Works is driven by two triple-expansion, single-acting Riedler 
pumping engines, rated at 500 horse-power each, but which can 
work up to 1,000 horse-power each. The arrangement is designed 
by E. D. Leavitt, and an idea of the total efficiency may be had 
from the fact that 1 horse-power is obtained for somewhat less 
than 12 pounds of steam with 135 pounds initial pressure. These 
engines work through two hydraulic accumulators having 16-inch 
rams, and working the 8 and 6-inch draw benches with a maxi- 
mum pressure at the benches of 1,280 pounds per square inch. 

The 78-inch fire-tube boilers are shown in Fig. 178. These boil- 
ers were used in a preliminary test of the aluminum-bronze tubes. 
The tubes of the dimensions shown in Table I. were inserted for 
twenty-four hours in the flame of the fire just as it enters the 
iron fire tubes of the boiler. There was no water or other cool- 
ing of the aluminum-bronze tubes during this period, and at the 
end of the time no change was observed in the aluminum-bronze 
tube, though it had been exposed to the full force of the furnace 
fire for twenty-four hours at the point the furnace fire enters the 
large boiler. 

Figs. 165 and 166 show the two ends respectively when the hy- 
draulic power is applied and when the tubular ingot is fed to the 
dies for reduction. 
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Figs. 167 and 168 show the methods adopted for annealing tubes, 
which consists in sealing them up in long cast-iron cylinders and 
then heating to a red heat’ in the furnace shown in Fig. 168. 

Aluminum-bronze tubes require frequent annealing during the 
process of drawing, and this is especially true of the higher com- 
pounds, such as Cu,Al, which are as difficult to draw as nickel steel. 

It is known that up to the limit of commercial temperatures 
—say 400 to 500 degrees Fahr.—aluminum bronze retains its 


Fic. 178.—78-INCH FIRE-TUBE BoILER, POPE TUBE WORKS. 


initial strength. In this respect it shows its great superiority to 
ordinary brasses and bronzes. It was not known what the be- 
havior of aluminum-bronze would be at a cherry-red heat or any 
such temperature as might be reached by exposing empty boiler 
tubes, for instance, to forced-draft fires. To determine this in- 
teresting question, Mr. Souther, in charge of the testing depart- 
ment of the Pope Works, devised the arrangement shown in Fig. 
169. The jaws of the Sellers-Emery testing machine are shown 
with an aluminum-bronze tube clamped between them. This tube 
passes through an asbestos-lined, Russia-iron-covered charcoal 
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furnace, conveniently hung by a pulley from the ceiling of the 
testing room. Passing through one end to the middle of the 
tube are the platinum and platino-iridiam terminals of a Le Chate- 
lier pyrometer, the indicating galvanometer for which is mounted 
in the cellar beneath. The standardization of this pyrometer is 
based upon the boiling points of water and naphthalene and the 
melting points of lead, aluminum, and copper. 

Table I. gives the chemical analysis and the tests of the best 
brass tubes the market now affords, together with the tests of 
the same size tubes of open-hearth Swedish steel and a low 
aluminum bronze—about Cu,Al, or a 45 per cent. bronze. 


I, Tests OF TUBES AT ORDINARY TEMPERATURES, COLD-DRAWN AND NOT 


ANNEALED. 
A. | 
Pope anu- Brass Tube. | Tube. Steel.* Cu,Al. 
facturing 
oe Per cent. Per cent. Per cent. Per cent. 
+ |Copper, 59.86 | Copper, 67.58 |\Carbon, 0.420/\Copper, 95.79 
Enei.| (Zine, 89.82 | Zine, 31.67 Phosphorus, 0.031/Aluminum, 4.35 
a. ae Lead, 0.35 | Lead, 0.85 |Manganese, 0.500/Silicon, 0.05 
Teste Nev Tin, 0.013) Tin, 0.01 |Sulphur, 0.031 
Cold-drawn 
and not an- 
nealed : Inches. Inches. Inches. Inches. 
Outside diam. . 1.502 1.5000 1.504 1.491 
Inside diam... 1.348 1.382 1.342 1.311 
Area in sq. in. 0.38692 0.39584 0.3427 0.42157 
Gauge length.| 10. 10. 10. 10. 
Pounds. Pounds. Pounds. Pounds. 
Yield point....| Not defined. 63,100 64,200 68,700 
per! 77,900 | 81,900 79,300 96,000 
. Per cent. Per cent. Per cent. Per cent. 
ee t 5.4 9.3 5.4 4.9 


* For this test a similar tube of steel, but not cut from the same tube as in the hot tests below, 
was used. Carbon, 0.35 per cent. 


Table II. shows the effect of heating the aluminum-bronze tube 
of Table I. to a bright red and then plunging it into water. The 
ultimate strength of 96,000 pounds per square inch and 4.9 per 
cent. elongation become changed to about one-half this strength, 
47,600 pounds, and to thirteen times the per cent. elongation. 
This ratio of change is at its maximum in the low compounds and 
reaches a minimum in the high compounds at about Cu,Al. 
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Il. Tests OF TUBES AT ORDINARY TEMPERATURES, CoLD-DRAWN AND AN- 
NEALED AT A RED HEart, 


Aluminum Bronze, Cu,Al. 


Cold-drawn and annealed at a red heat : 


Outside diameter 1.638 inches. 
Gauge length............... 10 inches. 

Strength per square 47,600 pounds. 
Elongation in 10 inches........... $Osttedansnadsenes-one 64.9 per cent. 


Table III. gives the results of testing the four drawn tubes in the 
apparatus shown i in Fig. 169. Figs. 170, 171, 172, and 173 show the 
tubes after breaking in the furnace. Figs. 174, 175, 176, and 177 
show an end view of one-half of each tube. It will be noticed that 
while the brass tubes have each crumbled and disintegrated at 
the high temperature, the steel and the aluminum-bronze tubes 
show no such disintegration, but both draw out to a thin edge and 
then break. This is a most instructive experiment, as demon- 
strating the homogeneity of the aluminum bronze. Of course, at 
1,400 degrees Fahr. the bronze is relatively much nearer its plastic 
and melting point, about 1,800 degrees Fahr., than is the steel which 
melts several hundred degrees “higher. The temperature is an 
extreme in which no metal can be serviceable. 


III. Tests oF TUBES WHILE AT TEMPERATURES BETWEEN 1,300° FauR, AND 


1,400° Fanr. 

umi- 

Ordinary num- 
Brass pen- | Bronze 

rass Tube. Tube 

Tube. Steel Tube Cu, AL 

Temperature to which heated.............. 1,310° F.|1,350° F./1,340° F.|1,410° F. 


Length of time heated before test was made.| 15 min. | 15 min. | 20 min. | 20 min. 
Inches. | Inches. | Inches. | Inches. 


Sectional area before heating.............. 0.3866 | 0.3947 | 0.3819 | 0.4277 
23.49 (24.18 (24.10 (24.02 
less than/less than |less than 
MND. cccicnctnacctitbhennannds 400 Ibs. | 250 Ibs. | 100 Ibs. | 700 Ibs. 
Maximum a of tubes at this tempera-| Lbs. Lbs. Lbs. Lbs. 


Inches. | Inches. | Inches. | Inches. 
0.04 0.02 0.08 0.03 


.10 10 14 -15 
Elongation of consecutive inches in the .33 .45 .59* | 1.33* 
20 .13 .09 
.07 .04 .05 .02 
Diameter at break........... 1.123 1.119 0.858 


* Break occurs. 
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Table IV. gives the results of a repetition of the same tests at 
about 1,000 degrees Fahr. In these results we see the same excellent 
qualities of the aluminum bronze. It is still at a red heat, but 
the metal shows its serviceability by having nearly three times 
the strength of the best brass. 


IV. TEsts OF TUBES WHILE AT TEMPERATURES BETWEEN 980° FAHR. AND 
1,010° FAuR. 


Cc. Ss. P 


i Alumi- 
Ordinary 
hearth 
* |Steel Tube 


Temperature to which heated . | 980° F. |1,010° F./1,000° F. 
Length of time heated before test was made. in, | 20 min. | 20 min. | 20 min. 
Sq. In. | Sq. In. | Sq. In. | Sq. In. 
Sectional area before heating . 0.3867 | 0.3816 | 0.4221 
Inches. | Inches. | Inches. 
Length of specimens ‘ 24.16 | 24.04 ‘ 
Thickness 0.082| 0.081]........ 
Lbs. Lbs. 
Tubes broke at .| 1,500 | 10,000 
Maximum strength of tubes at this tempera- 


Inches. | Inches. 

0.02 0.01 
0.10 0.02 

Elongation of consecutive inches in the | : 

| 


0.40 0.04 
furnace 


0.36* | 0.37* 
0.10 0.05 
0.03 0.02 


* Break occurs. 


Collating the above results relating to an aluminum-bronze 
tube of an outside diameter of 1.5 inches and a thickness of .091 
inch, we have the following data: 


Per Cent. 
| Elongation. 


| 


1. Broken cold..... bites 96,000 Ibs. per sq. inch. 4.9 


2. ~— a red, cooled, and 47,600 lbs. per sq. inch. 64.9 


8. Heated to 1,410° Fahr. and broken } Knife-edge break, 


at that temperature Aeon 


TREATMENT. Ultimate Strength. 


133 in 1 inch. 


87 in 1 inch. 


at that temperature 6,100 max. 


4. Heated to 1,000° Fahr. and ani. i 4,000 lbs., t 


| 
| 
| 
| 
A. 
| Govern- 
ment 
Brass 
| | Tube. 
| 
| 
| 
| 
6,100 
| Inches. 
| | 0.02 
| 0.06 
0.20 
0.33* 
| 0.12 
| 0.04 
| | 
| 
| 
| 
| 
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HISTORICAL AND TECHNICAL SKETCH OF THE 
ORIGIN OF THE BESSEMER PROCESS. 


BY SIR HENRY BESSEMER, LONDON, ENGLAND. 


(Honorary Member of the Society.) 


Ever mindful of the great honor spontaneously conferred on 
me by the President and Council of the American Society of 
Mechanical Engineers in electing me an honorary member 
of that learned body, I have deemed it both a privilege and a 
duty on my part to lay before them a brief account of the early 
origin of the Bessemer process of steel manufacture, as devel- 
oped at my bronze powder manufactory in London. 

It is generally well known that this invention had its origin 
in certain experiments commenced in January, 1855, for the pur- 
pose of improving the quality of cast iron employed for found- 
ing heavy ordnance, by rendering the iron more tough, increas- 
ing its tensile strength, and making it less subject to injury by 
abrasion. I was aware that Fairbairn and others had sought to 
improve cast iron by the fusion of some malleable scrap iron 
along with the pig iron in the cupola furnace; this fusion of 
scrap iron, intermixed with the mass of coke, was found to con- 
vert the malleable iron into white cast-iron, which was at the 
same time much contaminated with sulphur, ang thus, to a great 
extent, this method had failed in its object. In my experiments 
Tavoided the difficulties inseparable from Fairbairn’s plan, byem 
ploying a reverberatory furnace in which the pig iron was fused, 
forming a bath; into this bath I put broken-up bars of blister 
steel, made from Swedish or other charcoal iron, its fusion tak- 
ing place without being further carburized by contact with the 
solid fuel, or contaminated by the absorption of sulphur. The 
high temperature necessary for the fusion of a large proportion 
of steel in the bath, was attained by constructing the fire- 


* Presented at the New York meeting (December, 1896) of the Ameri- 
can Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 
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grate much wider than the bath, by contracting the width of 
the furnace considerably at the bridge, and also by continuing 
to taper the furnace slightly all the way from the fire-bridge 
to the downcast flue, which was connected with a tall chimney 


shaft. My English patent for this arrangement bears date 


January 10, 1855. Many alterations and modifications of this 
furnace were made from time to time; it was found that the 
large volume of flame sweeping over the open hearth of the 
furnace was mixed with a considerable quantity of combustible 
gas, to consume which a hollow fire-bridge was employed, hav- 
ing numerous perforations made in the fire-clay lumps of which 
it was composed, and so arranged as to allow jets of hot atmos- 
pheric air to mingle with these combustible gases, which had 
the effect of producing an intense heat close down on the surface 
of the bath ; it was also found that the admission of hot air all 
along the back of the fire-bridge produced a decarbonizing 
action on the bath; and hence the degree of carburation of the 
metal might be altered by regulating the admission of air. 
The flow of air through the hollow fire-bridge served also to 
moderate its temperature and render it more durable. 

Some of the samples of metal which I produced by this pro- 
cess were, when annealed, of an extremely fine grain and of great 
strength. At this stage of my experiments I determined on 
casting a small model gun, which in the lathe gave shavings 
slightly curled, and closely resembling the turnings.from a steel 
ingot. The metal when polished also looked white and close- 
grained like steel. I was so well pleased with this casting that 
I took it over to Paris, obtained an audience with, and showed 
it to, the Emperor, who had, in fact, encouraged me to make an 
attempt to improve iron employed in founding heavy ordnance. 
His Majesty, who had desired me to report progress, accepted this 
experimental gun, remarking that some day it might have an 
historical interest, and it was in recognition of this circumstance 
that his Majesty, later on, intimated to me, through Colonel 
Belleville, his desire to confer on me the Grand Cross of the 
Legion of Honor, provided I could obtain permission to wear 
it, a privilege which our ambassadors twice refused. His 
Majesty also gave me permission to erect my furnace at the 
government cannon foundry at Ruelle near Angouléme, to which 
place I went, with proper introductions, for the purpose of 
arranging all the necessary details. I also sent over from Eng- 
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‘land several thousand special fire-bricks, etc., for the erection 
af the furnace. 

' But on resuming my further researches, after returning to 
London, an incident occurred which suddenly put a stop to the 
intended works at the Ruelle Gun Foundry, and, in fact, altered 
all my future plans and investigations. 

The furnace as it was then arranged is shown in vertical section 
by Fig. 179, and in horizontal section on a line passing through 
openings in the perforated hollow fire-bridge by Fig. 180, where 
the narrowing of the body of the furnace is clearly shown, and 
the manner in which the jets of air were directed so as to produce 


Fie. 179. 


an intense ignition of the combustible gases mingled with, and 
passing over, with the large volume of flame, from the over- 
charged fire-grate. 

The small scale on which this experimental furnace was built 
(viz.: a capacity of three hundredweight only) was much against 
my obtaining the high temperature necessary to melt a large 
proportion of steel in the pig-iron bath. I was of course fully 
aware that a furnace of sufficient capacity to cast a five or a 
ten ton gun would produce a much higher temperature than it was 
possible to attain in my small furnace, and also that a forced draft, 
obtained by closing in the ash-pit and forcing air into it, would 
also still further increase the temperature. That this forced draft 
was in my mind at the time, is shown by the fact that I took out 
a patent for the manufacture of cast steel, dated October 17, 
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1855; that is, about two months after the casting of the model 
gun. In this patent I fully described the forcing of air, by a 
fan, into the closed ash-pits of furnaces employed in the manu- 
facture of cast-steel; and it has often since occurred to me 
that, with the additional resources still untried, I did not act 
wisely in so suddenly abandoning these open-hearth experi- 
ments, in favor of an entirely different system, suggested to my 
mind by the incident before referred to. But with my impul- 


Fie. 181. 


Fie. 180. 


sive nature and my intense desire to follow up every new problem 
which presented itself, I at once threw myself unreservedly into 
this new study, which seemed to open a way to the rapid pro- 
duction of bars, rails, and plates, of malleable metal direct from 
the blast furnace. 

Before dismissing this subject it may be interesting, even at 
this distant period, to speculate on what would have been the 
natural outcome of the open-hearth-furnace experiments, had I 
not been so suddenly diverted from their further pursuit. 

Such a furnace, with a forced draft and a capacity of ten tons, 
would undoubtedly have melted malleable iron or steel in 4 
bath of pig iron, and have decarburized it to the desired extent, 
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for I had, in fact, in this small furnace already fused steel in a 
bath of pig iron, on the open hearth of a reverberatory furnace, 
and as far back as January, 1855, I had claimed in my patent 
“the fusion of steel in a bath of melted pig or cast tron in a reverber- 
atory furnace, as herein described.” 

‘his was about ten years prior to the first patent taken out 
by M. Emile Martin, and now generally known as the Siemens- 
Martin process. This patent was obtained in England in the 
name of Emile Martin only, and is dated August 18, 1865, or 
more than ten years after my patent of January 10, 1855. M. 
Emile Martin, in his patent, says: “The manufacture is effected 
upon the principle of fusion of iron or natural steel in a bath of 
cast iron, maintained at a white heat, in a reverberatory furnace 
such as a Siemens gas-furnace.” 

I desire to say that I make no claim whatever to the prior 
invention of the Martin-Siemens process, nor do I for one 
moment assume that my patent of 1855 furnished any informa- 
tion which either of these gentlemen availed themselves of; 
but I think I am justified in saying that the fusion of steel in a 
bath of pig iron, on the open hearth of a reverberatory furnace, 
which I had patented and successfully effected, was, to use a 
favorite expression of Mr. Gladstone, “approaching within 
measurable distance” of that now well-known and successful 
process. 

On my return from the Ruelle Gun Foundry, I resumed my 
experiments with the open-hearth furnace, when the remarkable 
incident I have twice referred to, occurred in this way: Some 
pieces of pig-iron in one side of the bath attracted my attention 
by remaining unmelted despite the great heat of the furnace, and 
I turned on a little more air through the fire-bridge, with 
the intention of increasing the combustion; on again opening 
the furnace door after an interval of half an hour, these two 
pieces of pig still remained unfused. I then took an iron bar, 
with the intention of pushing them into the bath, when I dis- 
covered that they were merely thin shells of decarburized 
iron, as represented at Fig. 181, thus showing that atmos- 
pheric air alone was capable of wholly decarburizing gray pig 
iron and converting it into malleable iron without puddling or 
any other manipulation. It was this which gave a new direction 
to my thoughts, and after due consideration I became convinced 
that if air could be brought in contact with a sufficiently exten- 
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sive surface of molten crude iron the latter would rapidly be 
converted into malleable iron. 

This, like all new problems, had a special interest for me, and 
I became impatient to test it by more than a laboratory experi- 
ment. Without loss of time I had some fire-clay crucibles made 
with perforated covers, and also some fire-clay blow-pipes, which 
I joined to a three-feet length of one-inch gas pipe, the 
opposite end of which was attached by a piece of rubber tubing 
to a fixed blast pipe. This elastic connection permitted the 
easy introduction and withdrawal of the blow-pipe into and out 
of the crucible, as shown at Fig. 182, which represents a vertical 
section of an air furnace, containing a crucible, which in this 
case represented the “ converter.” About ten pounds of molten 
gray pig iron about half filled the crucible, and thirty minutes’ 
blowing was found to convert ten pounds of this gray pig iron 
into soft malleable iron. Here at least one great fact was elicited, 
viz.: the absolute decarburization of molten crude iron without 
any manipulation, but not without fuel; for had not a very high 
temperature been kept up in the air furnace all the time this quiet 
blowing for thirty minutes was going on, it would have resulted 
in the solidification of the metal in the crucible long before 
complete decarburation had been effected. Hence arose the all- 
important question: Can sufficient internal heat be produced by 
the introduction of atmospheric air to retain the fluidity of the 
metal until it is wholly decarburized in a vessel not externally 
heated ? 

This I determined to try without delay. I fitted up a larger 
blast cylinder in connection with a twenty horse power engine 
which I had daily at work, and I also erected an ordinary 
foundry cupola capable of melting half a ton of pig iron. Then 
came the question of the best form and size for the experimental 
“converter.” I had very few data to guide me in this, as the 
crucible converter was hidden from view in the furnace during 
the blow. I, however, found that slag was produced during the ' 
blow and escaped through the holes in the lid ; this fact guided 
me to the construction of a very simple form of cylindrical 
converter, about four feet in height in the interior, which was 
sufficiently tall and capacious, as I believed, to prevent anything 
but a few sparks and heated gases from escaping through 4 
central holé made in the flat top of the vessel for that purpose, 
as shown in vertical section at Fig. 183. The converter had six 
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horizontal tuyeres arranged around the lower part of it; these 
were connected by six adjustable branch pipes, deriving their 
supply of air from an annular rectangular chamber extending 
around the converter, as shown. 

All being thus arranged, and a blast of ten or fifteen pounds 
pressure turned on, about seven hundredweight of molten pig 


YW 


iron was run into the hopper provided on one side of the con- 
verter for that purpose. All went on quietly for about ten 
minutes. Sparks, such as are commonly seen when tapping a 
cupola, accompanied by hot gases, ascended through the open- 
ing in the top of the converter, just as I supposed would be the 
case, but soon after a rapid change took place. In fact, the 
silicon had been quietly consumed, and the oxygen next uniting 
with the carbon, sent up an ever-increasing stream of sparks 
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and a voluminous white flame; then followed a succession of 
mild explosions, throwing molten slags and splashes of metal 
high up into the air, the apparatus becoming a miniature volcano 
in a state of active eruption. No one could approach the con- 
verter to turn off the blast, and some low flat zinc-covered roofs 
close at hand were in danger of being set on fire by the shower 
of red-hot matter falling on them. All this was a veritable 
revelation to me, as I had in no way anticipated such violent 
results. However, in ten minutes more the eruption had 
ceased, the flame died down, the process was complete, and 
on tapping the converter into a shallow pan or ladle, and form- 
ing it into an ingot, it was found to be wholly decarburized 
malleable iron. 

Such were the conditions under which the first charge of pig 
iron was converted into malleable iron in a vessel neither 
internally nor externally heated by fire. . 

I, however, desired to convert a second charge of pig iron, 
which had been put into the cupola, and in order to prevent 
this dangerous projection upward of sparks and molten slags, 
a temporary expedient was resorted to, which, however, failed 
in its object. I procured one of those circular chequered cast- 
iron plates so much used in the London pavements to allow 
coals to be put into the cellars below the pavement. This plate, 
which was about a foot in diameter, was suspended by a chain 
at a distance of eighteen inches above the central opening in the 
top of the converter, as shown in Fig. 183. 

This as a mere temporary device was deemed sufficient to 
allow the conversion of another seven-hundredweight charge to 
be effected without any danger of setting fire to the premises. 
The converting operation went on quietly as before, but when the 
eruption commenced I saw the suspended plate get rapidly red- 
hot, and in a few minutes more it melted and fell away, leaving 
the chain dangling over the opening, and allowing the slags and 
splashes of metal to shoot upward as before. Thus it happened: 
that the first converter which I had constructed was at once 
condemned as commercially impracticable, owing to this verti- 
cal eruption of cinder, and for this reason only. All attempts 
to lessen the violence of the process by a reduction of the num- 
ber of tuyeres, or by lessening the diameter of the tuyere pipe 
orifices, or by diminishing the pressure of the blast, only 
resulted in a reduction of the necessary temperature, and in 
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preventing the conversion of the mol‘en pig iron into malleable 
iron. In one case the trial of a diminished area of tuyere open- ~ 
ing resulted in nearly the whole charge of metal, after more than 
an hour’s blowing, being converted into a solid mass of brittle 
white iron similar to ordinary refiners’ plate metal. Indeed, I 
may say that the results of all my early investigations proved 
to me, beyond the possibility of doubt, a fact which has since 
been confirmed in every Bessemer steel works throughout 
Europe and America, viz., that rapidity of action ending in a 
violent eruption are absolutely necessary conditions of success ; 
and when we take into consideration the fact that the converted 
metal must be made to acquire an enormously high tempera- 
ture, so that it may not be chilled in tapping, or pouring it out 
of the incandescent converter into a cold open ladle; that it 
be not chilled by the addition of a large quantity of much 
cooler metal employed to deoxidize it ; that it does not chill and 
form a skull in the casting ladle during the comparatively long 
time required to form it into ingots; it is obvious that to carry 
out the Bessemer process successfully, a temperature must be 
obtained very considerably above the mere melting temperature 
of malleable iron. In order to obtain this temperature it is 
necessary to drive powerful streams of air into the metal, so as 
to divide it into innumerable fiery globules diffused throughout 
the whole body of metal under operation, which for the time 
being may be likened to a fluid sponge, with the active combus- 
tion of carbon with oxygen going on in every one of its myriads 
of ever-changing cavities. 

It has been found that the union of carbon and oxygen 
takes place so rapidly at this high temperature as to produce a 
series of mild explosions, which are scarcely noticed in the large 
converters in common use, which have a space for the violent 
expansions, of some eight or ten feet in height above the normal 
level of the metal; in this space the violent action expends 
itself unseen, and is only partially recognized by a small addi- 
tional quantity of slags leaping out of the mouth of the con- 
verter. 

With these facts before us it must be self-evident that all 
attempts to produce malleable iron in a plain cylindrical vessel 
which has no top to it, and in which the metal rises to within 
a few inches of its open mouth, must utterly fail from two 
causes. First, because heat would fly off so freely that the 
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temperature of molten malleable iron could never be reached; 
and, second, because nearly all the metal contained in such a 
shallow open-topped vessel would leap out of it, and be scat- 
tered in all directions when the explosive eruption takes place, 
without which no charge of molten pig iron can be converted 
into fluid malleable iron. This violent eruption of slags, accom- 
panied by an immense volume of flame which issues from the 
mouth of the converter, has surprised every one when witness- 
ing the Bessemer process for the first time. Nor was I an 
exception to the rule, for I was as much astonished as others at 
this violent eruption, or most assuredly I should never have 
been so stupid as to design a converter so as to discharge a 
shower of slag vertically upwards, and thus insure its falling 
back on to and all around the converter. Till that time no 
one had ever seen a converter in operation, but no one who had 
once witnessed the conversion of fluid pig iron into malleable 
iron by a blast of air, would ever propose to construct a con- 
verter with an opening at the top so as to direct this fiery stream 
vertically upwards. Later experience allows me fearlessly to 
assert that a charge of molten crude iron cannot be converted 
into fluid malleable iron or steel by forcing air through it, with- 
out this violent eruption taking place. Hence it is to me utter- 
ly inconceivable that any man who had once witnessed the vio- 
lent eruption invariably accompanying the converting process, 
should, after such an experience, design and patent a converting 
vessel with a sloping top and a vertical outlet so admirably 
adapted to throw upward and discharge so large a proportion 
of its contents as that shown in Fig. 184, which is an exact 
reproduction of an authorized drawing of the converter of an 
American patentee who, it has been asserted, had successfully 
carried on this converting process many years prior to his 
taking out this patent in 1857. The original patent is headed: 
“'W. Kelly. No. 505. Reissued, Nov. 3, 1857.” 

Thad no sooner condemned my first cylindrical converter than 
I commenced to remedy its defects. The most obvious and ready 
way of doing this would have been simply to make an opening 
near the top, on one side of it, and thus allow the escape of the 
ejected matter to take place horizontally, and direct the dis- 
charge against a wall, or allow it to fall into a pit, etc.; but I 
desired to prevent the discharge of metal splashes as far as 
possible, so that I determined on constructing the new converter 
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with an upper chamber having an arched roof and a conical 
sloping floor. This converter is represented at Fig. 185 in ver- 
tical section, and at Fig. 186 in horizontal cross section, taken 
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through the tuyeres. When a converter is so constructed the 

fluid matters which would otherwise pass vertically upward into 

the air are thrown against the arched roof, and any fluid metal 

which may be thrown up falls upon the sloping floor of the 
30 
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upper chamber, and again returns to the lower one, while the 
flame and a portion of the slags find their way out of the two 
square lateral openings provided for that purpose. This upper 
chamber serves also as a receptacle for heating up any metal 
intended to recarburize or alloy with the steel in course of 
being converted. The section Fig. 186 shows six well-burned 
fire-clay or plumbago tuyere pipes, fitted to openings left in the 


Fie, 186. 


lining for that purpose. Their outer ends are made conical to 
faciliate the ramming in of loam around them, and which effect- 
ually holds them in position, and at the same time admits of. 
their easy removal when worn out; a jointed piece of iron tube, 
with a catch to hold it in place, communicates the blast to each 
tuyere. 

Another view of this converter, taken at right angles to Fig. 185, 
is represented in Fig. 187, showing in one side the hopper by 
which the molten iron is run in by a movable spout direct from 
the cupola. This view also shows the tapping hole open, and 
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the spout which conducts the converted metal into a movable 
shallow pan or receiver supported by a long handle (not shown). 
_ A fire-brick plug, attached to a long handle, is fitted to a fire- 
brick ring or opening in the bottom of the pan, and prevents 
any debris from the tapping hole being carried into the 
mould. 

As this apparatus was intended to exhibit the process, it was 
essential that an easy way should be provided for getting away 
the ingots and quickly repeating the process. This casting 
apparatus, constructed precisely as represented in Fig. 187, was 
erected at my bronze manufactory in London about two months 
prior to my reading the “Cheltenham Paper.” It is represented 
in vertical section in Fig. 187. The interior of the mould was ten 
inches square and about three feet in length, and was made in two 
pieces planed quite parallel and then permanently bolted to- 
gether. The mould had a massive square lower flange rest- 
ing on four dwarf columns, which stood on the square upper 
flange of an hydraulic cylinder. Massive bolts passed through 
, these dwarf columns and through the square flanges, and thus 
united the ingot mould and hydraulic cylinder, in which a ram or 
plunger was placed, having a movable square head which accu- 
rately fitted the mould and formed a closely fitting movable bot- 
tom to it. Both the ram and the external surface of the mould 
were kept cool by a water jacket provided with supply and waste 
pipes. Matters being thus arranged, the converted metal was 
allowed to fall in a vertical stream from the receiver on to the head 
of the ram. The receiver was then removed, and water under 
pressure was turned on to the hydraulic cylinder as soon as the 
steel was solidified, when a beautifully square ingot, ten inches 
square and weighing about seven hundredweight, steadily rose 
and stood on end ready for removal, the head of the ram rising 
one or two inches above the top of the mould. There are, no 
doubt, many persons still living who witnessed this combined 
converting and casting apparatus in successful operation at my 
bronze works in London. 

Two ten-inch square ingots made with this apparatus were 
sent to the Dowlais Iron Works in Wales, and, without hammer- 
ing, were rolled into two flat-footed rails, on the 26th of August, 
1856—that is, thirteen days after the reading of the “ Chelten- 
ham Paper.” They were rolled under the personal superintend- 
ence of Mr. Edward Williams, past President of the Iron and 
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Steel Institute, where two pieces of these rails are still kept as 
examples of the early working of my process in London. 

I may here call attention to the fact that in my patent, dated 
October the 17th, 1855, I described how the state of carburation 
of the converted metal might be regulated by the addition of 
molten pig iron after the blow had taken place; and as this 
patent was dated eleven months prior to Mr. Mushet’s patent, 
claiming to recarburize the converted metal with the German 
pig iron known as spiegeleisen, Mr. Mushet could not pre- 
vent my use of that, or any other pig iron, to recarburize the 
converted metal after the blow. There was also another abso- 
lute bar to Mr. Mushet’s claims to the exclusive use of manga- 
nese in my process besides its public use in all countries by 
cast-steel manufacturers, for in another patent of mine, dated 
May 31, 1856—that is, sixteen weeks prior to either of Mr. 
Mushet’s three manganese patents—I gave the right to the 
public to alloy steel in my process with any metals previously 
used to alloy cast steel, by showing various ways in which these 
alloys might be made in my process, either by fluid or solid 
metals, or by metallic oxides. After this description I entered 
a disclaimer to their exclusive use, by means of which dis- 
claimer and publication, all alloys of steel might be made in my 
converting process which had hitherto been made by other 
cast-steel manufacturers; so that the three patents of Mr. 
Mushet, embracing, as they did, every known means of employ- 
ing manganese, and which were intended to corner me and con- 
trol my patent, utterly broke down simply by having been 
anticipated in my two former patents. In consequence of this, 
Mr. Mushet did not think it worth while even to give me notice 
that in using spiegeleisen for recarburizing I was infringing his 
patents, nor did he make any attempt legally or otherwise to 
prevent me and all my English licensees from the free use of 
manganese ; and I could never understand why American steel 
manufacturers paid a royalty for the use of these invalid patents. 

In this same patent of May 31, 1856, I anticipated the invention 
of Sir Joseph Whitworth for casting steel under great pressure 
in order to render the ingots or castings more sound. 

I stated that “I have observed that the cellular condi- 
tion of cast steel, and more especially malleable-iron castings, 
is more or less owing to the spontaneous disengagement 
of gaseous matter in the interior of the fluid mass. Now, 
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it is well known that substances capable of vaporizing, or of 
evolving gaseous matters, do so with greater difficulty if sur- 
rounded by a dense atmosphere. I therefore make use of this 
peculiar property of matter in order to increase the soundness 
of ingots or other articles formed by casting in fluid malleable 
iron or steel.” Then follow details of apparatus both for cast- 
ing under gaseous pressure and also by the direct action of an 
hydraulic plunger acting on the fluid steel during its solidifica- 
tion. I have no doubt whatever but that when Sir Joseph 
Whitworth applied for his patent for casting steel under the 
pressure of an hydraulic plunger, he was wholly unaware of 
what I had patented nine years previously, and it is only due to 
Sir Joseph to say that immediately on his patent agent pointing 
out this fact to him, he came to me and took a license under my 
patent, paying me a royalty on all the compressed steel made 
at his works up to the date at which my patent ceased to exist. 
That his special mechanical arrangements were an origina] in- 
vention I have never had any doubt whatever, and he had the 
additional merit of successfully carrying them out. 

Before concluding this brief sketch of the more salient points 

connected with the many forms of apparatus designed by me 
to facilitate or improve my process, I must revert to the diffi- 
culties inseparable from a fixed converter, for in this form of 
apparatus much heat is dissipated by the necessity of blowing 
* before running in the metal, and—what is still worse—the 
necessity of continuing the blast after the metal is converted 
and during the whole time of its discharge. Then there is the 
uncertainty as to the time employed in tapping, during which 
time the blowing must be continued, and there is also the diffi- 
culty of stopping the process, if anything goes wrong with the 
blast engine, or if a tuyere gives way. 

These difficulties and many others caused me to search dili- 
gently for a remedy for these grave defects, which at that time 
appeared impossible to overcome, until the happy idea occurred 
to me of moving the converter on axes, so as to be able to keep 
the tuyeres above the metal until a charge of molten iron 
was run in, and which permitted the whole charge to be com- 
menced at one and the same time, and admitted also of the ces- 
sation of blowing during its discharge. This movement of the 
converter also permitted a stoppage of the process to take place 

at any time for the removal of a worn-out tuyere if necessary, 
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and afforded great facilities for working the process. The 
peculiar form of the movable converter was a matter of 
great importance, as there were several necessary requirements 
to provide for. First, in order to make the heavy lining 
secure when turned upside down, a more or less arched shape in 
all directions was necessary, and a long oval form seemed best 
adapted to the purpose, as it allowed some eight or nine feet in 
height for the metal to throw itself about in, without leaving the 
_ converter. Then the large mouth or outlet pointing to one side 
was necessary to direct the sparks to be all discharged in a direc- 
tion away from the casting pit. After much study the precise 
form arrived at is shown at Fig. 188, which is an external eleva- 
tion, and of which Fig. 189 is a vertical section, in the position in 
which the vessel is retained during the running in of the metal. 
Fig. 190 shows the position it occupies during the blow ; Fig. 191 
shows the position it assumes during the discharge of the con- 
verted metal into a loamed-up casting ladle provided with a dis- 
charge valve at the bottom; the ladle can be moved from mould 
to mould by closing the valve during such movement, and on 
opening it a vertical stream descends into the mould, per- 
fectly free from any admixture of slags. The advantage of this 
mode of filling the moulds will be understood when it is borne 
in mind that the latter are necessarily narrow, upright iron 
vessels. Now, it is well known that a stream of molten metal, 
poured from the lip of a ladle, will describe a parabolic curve in 
its descent, and tends to strike the further side of the mould 
before reaching the bottom. The surface of the cast-iron mould 
so struck is instantly melted by the incandescent stream of steel, 
and the ingot and the mould thus become united, causing great 
inconvenience and destruction to the mould; nor is it easy 
in pouring the steel from a ladle to prevent some of the fluid 
slag floating on its surface from flowing over with the steel and 
spoiling the ingot. All of these difficulties are avoided by the 
valvular ladle discharging a vertical stream down the centre of 
the mould, the quantity and flow being regulated with great 
facility by the hand lever on the side of the ladle. 

Many other mechanical contrivances were necessary to per- 
fect the process; such, for instance, as a patent blast engine 
with noiseless self-acting valves; the hydraulic casting crane 
carrying the casting ladle over every mould in the semicircular 
casting pit, and capable of rising and falling to correspond to 
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the descent of the mouth of the converter when filling the 
ladle for casting. Then there are the direct-acting ingot cranes 
which clear the pit and refill it with another set of moulds 
rapidly and with little manual labor; then we have the elevated 
“valve stand,” called in America “the pulpit,” from which safe 
position a single workman can overlook the whole converting 
apparatus, controlling all their movements, governing the blast, . 
workiag the hydraulic cranes, etc. 

The mode of transmitting semi-rotary motion to the converter 
was another important question which I had to solve. Iwas of 
opinion that ordinary shafting and straps were out of the ques- 
tion in dealing with this fiery monster ; five or ten tons of fluid 
metal nad to be lifted in one direction, the load diminishing 
until the fluid running to the opposite end of the converter 
tended to drive the lifting gear in the reverse direction, so 
that if anything went wrong or slipped, the converter might 
swing itself round and discharge these five or ten tons of incan- 
descent steel on to the floor or among the work-people. This 
determined me to adopt the hydraulic apparatus now universally 
employed for governing the motions of the converter, for with 
this simple and reliable apparatus, a lad at safe distance can 
start it in motion or stop it instantly, can alter its speed of 
motion, and control the pouring out of ten tons of incandescent 
steel as easily as a lady pours out a cup of tea. 

The first movable converter was erected at my steel works in 
Sheffield, and was moved by hand gearing, because at that early 
date I had not invented the hydraulic apparatus just described. 
This early converting apparatus did good work at Sheffield, and 
was constructed precisely as represented in Fig. 197, which 
shows also the first modification of the hydraulic casting crane, 
afterwards elaborated and rendered suitable for casting heavy 
charges of steel. 

In conclusion, permit me to say that I have great pleasure in 
bringing before the many eminent engineers of which this 
Society is composed a brief sketch of the early days of this. 
invention, and although many interesting details are necessarily 
omitted, I trust that I have said enough to show how the Bes- 
semer process originated, and how, by constant study and prac- 
tical research it was developed from a mere abstract theory, 
nearer and nearer to a degree of practical development at my 
bronze works in London, till I was justified in erecting the 
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Bessemer Steel Works in Sheffield, which still remain in active 
operation under the style of Henry Bessemer & Co., Limited. 
These works were established for commercial purposes and also 
to serve as a pioneer works or school, where the process was 
for several years exhibited to Any iron or steel manufacturers 
who desired to take a license to manufacture under my patents ; 
during that time all who desired to do so were allowed to bring 
their own pig iron, and personally, or by their managers, see 
it converted prior to taking a license. 

And now, when I contemplate the great steel trade of Europe 
and America, with an annual production of 10,000,000 tons of | 
Bessemer steel, I may be pardoned if I express some pride 
and satisfaction when I find that, notwithstanding the keen 
competition of rival manufacturers and the ceaseless activity 
and inventive talents of mechanical engineers, my original 
invention has not been swept away, but still exists in active 
operation in every steel-making country in the world, intact in 
all its main features and in almost every detail as it left my 
hands forty years ago. 
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DISCUSSION. 


Mr. W. F. Durfee—t{Note by the Publication Committee: Mr. 
Durfee discussed this paper at some length, but at his own re- 
quest it was withdrawn from the permanent record of the volume 
of Transactions. | 


Prof. F. R. Hutton.—Fig. 198 shows the elevation of an eighteen- 
ton converter used at the Maryland Steel Works at Sparrow's 
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Point, Md. Fig. 199 shows the installation of two such con- 
verters in the same works. It will be observed that these con- 
verters discharge vertically upwards, into chimneys placed di- 
rectly over them. 


Mr. Robert Hunt.—I have not prepared any criticism of this 
paper, and, in fact, did not anticipate making any. I have, of 
course, read it and have listened to it with a great deal of inter- 
est, and to the remarks which have been made in its discussion. 
Thonor Mr. Bessemer’s genius, as every intelligent person must 
do who is acquainted at all with the history of the “ process” 
and of the man. 

Mr. Mushet did make an invention, whether he did or did not 
get a patent for it. Without this discovery of Mushet’s the 
“Bessemer process” would never have been practical. The 
president knows, even more intimately than I, concerning the 
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early experiments and efforts of Kelly. He was not a chemist 
and he labored under that great disadvantage. In fact chemistry 
at that time was not generally applied to any of the develop- 
ments of the iron and steel business, and if Kelly had possessed 
a knowledge of metallurgical chemistry, even as it then existed, 
he would have undoubtedly have gone much further than he 
did. But we find that Mr. Bessemer himself was not any too 
sure of his chemistry, because in his original paper he states 
that the oxide of iron which was produced eliminated the sul- 
phur from the bath. This was about as direct a chemical mis- 
take, or as great a one, as a man could make. We know that 
sulphur is not eliminated, unfortunately, in the process. Again, 
in some of his early papers, he defined the maximum amount of 
phosphorus it was possible to use, as 0.02 per cent., so that he 
groped in the dark and took advantage of the developments as 
they progressed. 

Mr. Durfee is quite right in protesting against the criticism 
upon a centre-nosed converter. We know that as the art pro- 
gressed, in this country, at least, and here where the product 
has reached so high, that very form of converter stands 
among the many things which have helped us. I remember 
well the great slopping which took place with the old side-blow- 
ing vessel, and the skulls, as. we called them, which formed in 
the converter stacks. My memory is keen of one sad instance 
at Troy where we lost some valuable lives. A number of men 
were hurt and the Bessemer superintendent, or foreman, had 
his back broken by the falling of the skull while they were at 
work at the bottom of the vessel repairing a tuyere ; so that the 
very thing which is condemned in the paper is one of the 
strongest features of the Bessemer apparatus as we have it in 
this country. 

I have a great respect for Mr. Bessemer, and it is with great 
hesitancy that in his advanced age I would permit myself to say 
anything which would seem to take away an atom from his 
honor and glory, but I wish he were just a little more generous 
and a little more just. 

Mr. William Kent.—The list of members of our Society con- 
tains no name more honored than that of Sir Henry Bessemer, 
and he deserves our thanks for having taken the pains to furnish 
our T’ransactions such a clear and interesting statement as this 
paper contains of his early labors in the development of the 
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most wonderful process which bears hisname. Our respect for 
the distinguished author of the paper, and our gratitude to him 
for having presented it to the Society, however, only enhances 
our regret that he has seen fit to include in it some statements 
which are open to criticism, and which are not really necessary 
to the elucidation of the subject matter of the paper, viz.: the 
account of his own work in developing the Bessemer process. 
If he had confined the paper to the one subject and had omitted 
the several references to Kelly, Mushet, Siemens and Martin, 
his paper would have been beyond criticism; but since he has 
brought in these names in such a way as to open up a matter 
of controversy, I think it only fair, in the interest of future 
students of history, to place upon record, along with the paper, 
the other side of these controverted questions, as it appears in 
certain historical documents from which I shall quote in what 
follows : 

The first statement to which exception may be taken relates 
to Sir Henry’s experiments on making open-hearth steel. 

On page 459 it is stated : “ As far back as January, 1855, I had 
claimed in my patent, ‘the fusion of steel in a bath of melted 
pig or cast iron in a reverberatory furnace, as herein de- 
scribed.” . . . “I think I am justified in saying that the 
fusion of steel in a bath of pig iron, on the open hearth of a 
reverberatory furnace, which I had patented and successfully 
effected, was, to use a favorite expression of Mr. Gladstone, 

‘approaching within measurable distance’ of that now well- 
known and successful process.” 

The fact is, that the fusion of steel in a bath of cast iron on 
the bed of a reverberatory furnace had been practised in Eng- 
land and described long before 1855. In /asenfratz’s Sidero- 
technie, Paris, 1872, vol. iv., pages 93-99, there is described 
the process for manufacturing two varieties of steel in England, 
known as Marshall and Huntzmann steels. It is stated that “a 
mixture of gray and white iron ismade. . . . Sometimes also 
there is mixed either with the gray cast iron alone, or with the 
mixture of these two cast irons, clippings of iron, old bar iron, 
scales and even clippings of steel. . . . The mixture de- 
scribed to make the second kind of steel is melted in ordinary 
reverberatory furnaces in which one has prepared a sort of 
crucible in the lowest position. . . . As soon as the cast 
iron begins to refine itself the principal workman introduces a 
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small spoon into the bath. . . . He continues to take out 
tests until that which he withdraws can be forged; then he 
examines the grain of the steel; if it is too soft, the workman 
throws into the bath bars of steel too much cemented, which 
gives it carbon without altering its refining. If itis too hard, he 
throws into it clippings of iron—sometimes even of bar iron— 
to diffuse the carbon through a larger mass or to burn a portion 
of it; then he withdraws the slags; he runs the cast steel into 
the moulds, and it is afterwards forged to be sent forth into 
commerce. . . . The facility which they have in England of 
procuring scraps to melt for steel gives to the inhabitants of 
that island a considerable advantage over all the other nations 
of Europe.” 

In the Dictionnaire des Arts et Manufactures, Paris, 1845, 
A-F, page 48, it is stated that “M. Breant has proposed two 
different processes for directly manufacturing cast steel. In 
the second process one oxidizes on the hearth of a reverberatory 
furnace a certain quantity of good pig iron, to which one mixes 
subsequently an equal quantity of the same nature, but not oxi- 
dized. On stirring well the materials the whole soon goes into 
fusion, and furnishes a steel of good quality.” 

Josiah Marshall Heath, British patent 10,798 of 1845, de- 
scribed a process for the manufacture of cast steel on the bed 
of a reverberatory furnace, and states that the furnace may be 
heated by gas formed in a separate gas producer. “The inte- 
terior of the furnace should be kept at the highest temperature 
that can be produced. A bath of cast iron is formed on the bed 
of the furnace, and it is refined by the addition to it of malleable 
iron in scraps, or in any convenient form, or of iron which has 
been made from iron ore by cementing it with carbonaceous 
matter at a red heat in a close vessel” (direct process blooms). 
It is thus seen that the fusion of steel with pig iron on the bed 
of a reverberatory furnace, for the purpose of making cast steel, 
was known at least as early as 1812; that the fusion of pig iron, 
together with oxidized pig iron (that is, wrought iron), on the 
bed of a reverberatory furnace, for the purpose of making steel, 
was described in Paris in 1845; that Heath’s process for making 
cast steel differs in no respect from that described by Bessemer, 
except that it states “the addition of malleable iron,” instead of 
steel. But steel was used in a bath of cast iron, as already 
stated, as early as 1812. 
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All the early attempts to make steel-on a reverberatory furnace 
by the mixture of cast iron and of wrought iron, or steel, seemed 
to have failed commercially prior to 1860, for three reasons : 

(1) The lack of the Siemens regenerative furnace, or any 
furnace which could produce and steadily maintain the tempera- 
ture necessary to hold in fusion iron low in carbon. 

(2) The want of knowledge how to overcome red-shortness, 
which was not known until Mushet, in 1856, described the use 
of spiegeleisen. 

(3) The lack of knowledge of the chemical composition of pig . 
iron required to make good steel. 

Bessemer, therefore, in 1855, was not within ‘“ measurable 
distance” of the modern open-hearth process any more than 
Heath, who anticipated him in date by nearly ten years. 

The next point which is open to question is the following, 
taken from page 464 of Sir Henry’s paper: “No one who had 
once witnessed the conversion of fluid pig iron into malleable 
iron by a blast of air would ever propose to construct a con- 
verter with an opening at the top so as to direct this fiery 
stream upwards. It is to me utterly inconceivable that any 
man who had once witnessed the violent eruption accompanying 
the converting process should, after such an experience, design 
and patent a converting vessel with a sloping top and a vertical 
outlet so admirably adapted to throw upward and discharge so 
large a proportion of its contents as that shown in Fig. 184.” 

It appears that the converter now used in the most modern 
American works is exactly of this description ; it has a sloping 
top and a vertical outlet, admirably adapted to throw up and 
discharge its contents. On page 63 of Mr. Harry Campbell’s 
recent work on Structural Steel is shown a sectional view of an 
18-ton converter used in the works of the Maryland Steel Co. 
at Sparrows Point, Md., which is here reproduced (Fig. 200). 
In relation to Mushet, Sir Henry Bessemer, on page 468 of his 
paper, states that he described in his patent of October 17, 
1855, how the state of carburation of the converted metal might 
be regulated by the addition of molten pig iron after the blow 
had taken place, and as this patent was dated eleven months 
prior to Mr. Mushet’s patent, claiming to recarburize the con- 
verted metal with the German metal known as spiegeleisen, 
Mr. Mushet could not prevent the use of that or any other pig 
iron to recarburize the converted metal after the blow. 
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Mr. Mushet’s patent of September 22, 1856, clearly shows 
that the effect of the addition of spiegeleisen was not merely 
a recarburizing, but also a deoxidizing of the bath for the pur- 
pose of overcoming red-shortness. Mushet says in his provi- 
sional specifications: “The cast iron has been purified or 
decarbonized by blowing air through it when in the melted 
state ; it is difficult to convert it into malleable iron or steel, 
I have discovered that by combining such purified iron in a 


heated state with a triple compound consisting of or containing 
iron, manganese, and carbon, also in a heated state, I can obtain 
malleable iron or steel.” In his complete specifications he de- 
scribed at length the difficulty referred to, and describes the 
product of simple decarburizing as ‘red-short’ or ‘hot-short, 
and says the ingots so made are also generally porous or cellu- 
lar in structure. 

He says further: “To the purified cast iron, when it has 
become wholly decarburized, or nearly so, by the action of air 
forced into or among its particles whilst it is in a molten or 
fluid state, I add a triple compound alloy, or material of, or 
consisting of, iron, carbon, and manganese, which mixture I effect 
in any suitable furnace vessel or ladle. . . . I prefer to use 
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the white crystalline cast iron metal thus obtained, and known 
in Prussia as Spiegeleisen, and I prefer to use such varieties of 
this white crystalline cast iron as are found to contain a large 
alloy of manganese.” 

Mushet further states: “As the triple compound of or con- 
taining iron, carbon, and manganese parts with a portion of its 
manganese every time it is remelted, I prefer to use that which 
has not been previously remelted, and I avoid as much as pos- 
sible any repeated remelting of it.” Mushet’s claim is “the 
addition of a triple compound or material of or containing iron, 
carbon, and manganese to cast iron which has been purified and 
decarburized by the action of air whilst in a molten or fluid 
state, or in any convenient manner.” 

Sir Henry Bessemer classes “the German pig iron, known as 
spiegeleisen,” as being simply a peculiar kind of pig iron. It 
is, nevertheless, as different a material from what is ordinarily 
called pig iron in commerce as ordinary pig iron is different 
from tool steel, or tool steel from wrought iron, in appearance, 
in chemical constitution, and in physical properties. But 
spiegeleisen differs wholly from pig iron in containing metallic 
manganese, which has the peculiar property of overcoming the 
red-shortness of steel. Sir Henry Bessemer further says, on 
page 468: “I never could understand why American steel manu- 
facturers paid royalty for the use of these invalid patents ’—that 
is, the Mushet patents. The fact is the Mushet patents were 
not invalid in America, and it is very doubtful if they or the 
Kelly patents could have been made invalid by litigation. In 
1865 the Kelly Process Company, owning the United States 
patents of Kelly and Mushet, and Winslow, Griswold & Holley, 
owners of the American Bessemer and Holley patents, concluded 
that it would be better to combine their interests than to enter 
into expensive litigation, and the combination was effected on 
the basis of 70 per cent. of the royalties going to the owners of 
the Bessemer and Holley patents and 30 per cent. to the owners 
of the Kelly and Mushet patents. (See Robt. W. Hunt’s “ His- 
tory of the Bessemer Manufactures in America,” Jransactions 
A. 8. M. E., vol. v.) The owners of the American patents 
granted to Bessemer and Holley in 1865 no doubt considered 
there were strong reasons for believing the Kelly and Mushet 
patents to be valid or they would not have entered into such an 
agreement. 
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Mr. Allan Stirling—Every member of this Society has reason 
to feel deeply gratified in having this paper contributed to the 
Transactions. Solid and enduring fame and lustre will always 
attach to the name of Bessemer in the annals of the race. 
The railways of the ante-Bessemer period had iron rails easily 
rent into stringy fibres like brooms, or squeezed in patches 
like dough, although the rolling stock was comparatively light. 
Such a roadbed could in no sense be called a “ permanent way ;” 
a ride, even for a short distance, was taken at great sacrifice to 
the nerves and injury to the health. The Bessemer steel rails 
of to-day retain their smoothness until worn out, notwithstand- 
ing that the rolling stock is very much heavier. Long journeys 
can be undertaken without fatigue ; one can go to sleep in New 
York and wake up the next morning in Boston ; even a journey 
across a continent can be made a rest and pleasure, and one can 
be in better condition on arriving at the destination than when 
starting. 

But it is not in the passenger service alone or mainly that 
Mr. Bessemer has benefited his fellow-men. We are to-day 
witnessing a most marvellous effect of his process. Fast ships 
are hurrying from San Francisco to India to feed the many 
famine-stricken ones of that land, and the Atlantic Ocean is 
dotted with grain-laden vessels crossing to supply the deficiency 
in the European countries. The Bessemer process has made 
those things possible by enabling us to carry grain from the 
interior States to the seaboard so cheaply that it can be deliv- 
ered in distant lands at reasonable prices. A famine in any 
portion of our land, or even in any portion of the world, is made 
highly improbable by reason of the fact that the Bessemer rail 
enables us to send large supplies of food from one district to 
another at a low cost. 

The value of the work done by Mr. Bessemer cannot be over- 
estimated. No one can read the famous Cheltenham paper 
without feeling that it is the product of a master mind. Its 
simplicity is the chief merit of the process. The principle of 
the invention stands out as a great fact, and Mr. Bessemer has 
proved himself to be a brilliant theorist, and, at the same time, 
a practical artisan, and few men have the privilege of seeing 
their inventions so completely used in such a short time. 

The old processes produced laminated material mixed with 
intervening oxygenated scale, separating the iron into strings 
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in the process of rolling. The great fact of the Bessemer pro- 
cess is that he produces without fuel a homogeneous material 
at a cost less than common iron; and without fuel he generates 
an intenser heat than had been produced before with fuel, and all 
this by a rapid operation without manual labor. Previous to 
Bessemer’s time, in all methods of refining iron, blast was intro- 
duced above the surface of the metal and fuel was employed to 
maintain the necessary heat. Bessemer introduced the blast at 
the bottom of the metal and no fuel is necessary, and it was he 
that made the discovery that his method furnished enough heat 
to keep the metal fluid at the much higher temperature neces- 
sary in its purified condition. | 

Mr. Bessemer has contributed materially to lessen the sever- 
ity of the sentence passed upon Adam that he should eat his 
bread in the sweat of his brow. Men’s muscles have largely 
been freed from wasting drudgery, and used only in healthy 
exercise in an ever increasing percentage of the human race. 
The sweat of the brain within the brows is now in a largely 
increased number of cases the true reading of man’s destiny. 
Before Bessemer’s time it took five heats to make steel, and a 
great deal of hard, laborious work, and even the inferior iron of 
the time required three heats and the laborious drudgery of the 
puddler. Puddling was an enormous sacrifice of the human 
race. After being brought at great expense to 20, a puddler had 
only twenty years of working life, for at 40 the average puddler 
was done. 

Without wishing unfairly to detract from any credit for a 
similar discovery due to Kelly, yet I submit that his work was 
still-born and would have been forgotten and of no benefit to 
mankind had he not been called into life by Bessemer. Mr. 
Bessemer deserves the credit because he had sufficient energy, 
enthusiasm, and perseverance, and sufficient capital. It was re- 
served to him to turn to enormous practical use a phenomenon 
known and practised: by others destitute of the genius to turn it 
to account. Others approached so closely to him that it is diffi- 
cult to understand how they failed to arrive at his result; but 
they failed and he succeeded, and that makes all the difference. 

Bessemer deserves special credit because he lived in a coun- 
try of prejudices and tradition where it was comparatively diffi- 
cult to make progress. This, combined with the fact that the 
processes and apparatus then in use were an evolution and were 
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at that time incapable of being explained, together with the dif- 
ficulty and cost of experimenting, give him a place among the 
heroes of the ages—the leaders of mankind. 

It is a source of great gratification to every right-thinking 
man that Mr. Bessemer obtained good patents and has reaped 
substantial pecuniary rewards for his genius. The iron-masters 
could not laugh at him. He had brains enough not only to 
invent but to reap for himself a considerable portion of the 
pecuniary results of his inventions. This shows a substantial 
advance in the position of the inventor since the time of Cort, 
whose invention of the puddling furnace and grooved rolls about 
one hundred years ago marked a great epoch in the iron trade. 
Cort died a poor man although the inventor of a process which 
conferred incalculable benefits on the race, and his descendants 
were, at the time of Bessemer’s invention, receiving a pension of 
less than $100 a year. The brain of a man of genius is an ele- 
ment of great pecuniary value, and the fact that such men as 
Bessemer, Bell, Westinghouse, and Edison are wealthy, shows a 
distinct gain in the public morality as compared with the time 
of Cort. Thanks to the influence ofa free press, an inventor has 
to-day a good chance to reap the reward of his inventions. 
Every nation and every person is interested in seeing that the 
inventor, who is our constant prop and stay, our watchman, 
vigilantly guarding us from falling into the condition of the 
Chinese, should have fair play and ample remuneration. 

It is interesting to notice the fears that-were expressed as to 
the results of the Bessemer process. It was thought that the 
output of coal would be reduced so much that the poor colliery 
proprietors would suffer, and a deficiency of air was feared on 
account of the large quantities used by the Bessemer process. 

Kelly was awarded the American patent in preference to 
Bessemer, although he made his invention about seven years 
before applying for a patent. Our patent law has been amended, 
limiting the time to two years. The English patent practice 
goes back to the time of Queen Anne and calls loudly for 
amendment, as it has worked in many cases great hardship to 
inventors who are not residents of the realm. 

In reference to Mushet’s relation to the Bessemer process, it 
should be said that the idea conveyed by Bessemer’s patents 
and experiments and by the famous Cheltenham paper, so far as 
I have been able to study them, was, that the blowing was to 
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be arrested at various stages so as to produce various qualities 
of steel, and there was a certain amount of uncertainty about the 
results, failure and successes being about equally divided. The 
Cheltenham paper stated that part of the oxygen of the blast 
combined with the iron; and this oxide fuses at a high tempera- 
ture and forms a powerful solvent of the earthy bases associated 
with the iron, thus washing and cleansing the metal from the 
earthy bases, the sulphur being driven off by the high tem- 
peratures. Mushet furnished the carbon for recarburizing and 
the manganese for fluxing at one heat, so that it seems to me 
the American steel manufacturers were quite right in recogniz- 
ing Mushet’s connection with the process and in paying him 
handsomely. 

Bessemer’s relation to the open-hearth process was very much 
like Kelly’s to the Bessemer process. Probably Mr. Bessemer 
benefited himself and mankind generally by abandoning his 
open-hearth experiments and following up the converter system. 
Although he was measurably near to the open-hearth process, 
he did not follow it up and make it a commercial success, and 
it was reserved for others to put it into practical shape. 

It is interesting to notice that at the time Bessemer’s inven- 
tion was made the soundings for the first Atlantic cable were 
being made, and that the Lake Superior ore had just been 
tested and found good, and it was suggested that this ore could 
be delivered in Europe at a low rate. The completion of the 
Atlantic cable, and the extensive use of Lake Superior ore, com- 
bined with the Bessemer process, have been potent factors in 
the development of this country during the last forty years. 
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DCCXXI.* 


THE METRIC VERSUS THE DUODECIMNAL 
SYSTEM. 


A REVIEW OF THE FACTS. 


BY GEORGE W. COLLES, BOSTON, MASS. 
(Junior Member of the Society.) 


‘“* Now what I want is, facts.”—THoMAs GRADGRIRD. 


Durine the recent session of Congress, in December of 1895, a 
bill was presented to the lower House, prescribing the intro- 
duction of the metric system of weights and measures, to take 
the place of our own, after a given date, by compulsory legal 
enactment. This bill was referred to the Committee on Coin- 
age, Weights, and Measures, and as modified (or rather the sub- 
stitute offered —essentially unchanged) by them, was recom- 
mended to the House for favorable action. No notice ' was 
taken of the bill by the public press ; and had it not been for a 
circular, with petition blank urging its passage, distributed by 
the American Metrological Society, it probably would never 
have come to my notice. Though inclined to look favorably on 
the metric system, it seemed to me that, if really good, it could 
not fail to spread in time of its own accord ; that, in a matter of 
this sort, touching so closely upon the rights as well as upon the 
welfare of the people at large, compulsion should not be entered 
into without grave consideration ; and that, consequently, the 
bill had not received the consideration due to its importance ; 
for those who were most affected would never have known of its 
existence, except by its passage. A few months after this, there 
appeared in one of our magazines’ an article by the eminent 

* Presented at the New York meeting (December, 1896) of the American 
Society of Mechanical Engineers and forming part of Volume XVIII. of the 
Ti insactions. 

1 By notice I mean something more than a paragraph or two sandwiched in 
among congressional reports. 


2 Popular Sci.’ Mo., June, 1896. ‘This article had been originally published 
in the form of letters to the Zondon Times. 
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English philosopher, Mr. Herbert Spencer, decrying the further 
spread of the metric system. I was the more surprised at this, . 
as it had always been represented to me that no one whose 

opinion was worth having looked upon the metric system as 

anything other than a universal boon. I was so strongly im- 

pressed, however, by the weight of the considerations brought 

forward that I was led to a further investigation of the matter ; 

and as this investigation extended to some length, and the 

change proposed was one of such momentous importance to the 

nation in general and the engineer in particular, and as, further, 

many or most of the members have probably never had time to 

look into the merits of the case themselves, but must take them 

for granted as presented to them by the advocates of the change, 

it has seemed that the results of this investigation, and the con- 

clusions deduced from them, would be of value to the Society. 

In the preparation of this paper it was at first intended to 
deal with the subject only in its engineering aspects; but it 
was soon seen to be of so much wider importance, to be so in- 
tricately connected with the welfare and progress of society in 
general, that justice could not be done to it by dividing it into 
its parts. The indulgence of the Society is therefore requested 
for the introduction of matters which, though they may not 
appear directly connected with engineering, yet have a distinct 
and important bearing on that profession. We should also bear 
in mind that the function of the engineer is not simply to con- 
struct and operate machinery, to build bridges and railroads, 
but to look far into the future, to weigh the political, social and 
economic sides of questions, in order properly to determine the 
popular wants which he is called upon to satisfy, and the best 
means of satisfying them. 

With the metric or French decimal system most of us are 
familiar. Many of us became acquainted with it at school; and 
though we never use it in common life, and but rarely in 
engineering work, it is frequently brought to our notice by 
French and German literature, as well as by the persistent agi- 
tation of its friends. The other system under discussion, that 
which we use every day, though heterogeneous in the relation 
of its units, I have called duodecimal, from its distinguishing 
characteristic ; its primary units, the pound and the foot, being 
originally thus divided, as expressed in the words ounce and 
inch (Lat. uncia, one twelfth) ; at the same time including under 
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that title any general scheme for bringing the latter into more 
perfect harmony with the duodecimal principle. It will be 
seen, however, that the system might with equal propriety be 
called octonary. 

These two schemes for weighing and measuring are funda- 
* mentally different. They originated under totally different cir- 
cumstances and from wholly unrelated causes. They are to 
each other and to humanity as the earthquake and the flow of 
water are to the form of the earth’s crust, and have had about 
the same respective influence. The metrical decimal system 
was made to order in a space of about ten years, or rather of 
about that many months. The duodecimal system is a natu- 
ral product—the product of centuries—has grown up with the 
necessity of weighing and measuring, and from a period ante- 
dating written history. Itis true that the other may be termed 
natural in one sense, but in one sense only. The makers of the 
metric system took for their base of relation for the different 
units the base of the generally accepted arithmetical notation, 
7.e., the number ten, whose use as such is no doubt even more 
ancient than the use of the number twelve for the division of 
matter. 

The original choice of the number ten is unquestionably due 
to the habit, common to-day, of using one’s fingers for tallies. 
Had nature given us one finger less on each hand, our arith- 
metical base would have been eight; with one more, our base 
would have been twelve. Either would have served as well for 
counting as the number ten; and it is generally conceded 
among mathematicians, philosophers, and even among the ad- 
vocates of the metric system, that either would have served 
far better than the number ten in enabling us to harmonize our 
system for counting with our system for the division of matter. © 
The incommensurability of the number ten with either eight or 
twelve, and indeed with any other number, not a multiple, save 
two and five, the latter of which is almost never used for the di- 
vision of matter (except where it is important to harmonize with 
the arithmetical base), has been a source of the greatest incon- 
venience since the interconnection of the two processes (count- 
ing and measuring) has become as intricate as it is to-day. — 

The makers of the metric system proposed to do away with 
this inconvenience by harmonizing the bases of the two pro- 
cesses. They did not, however, attempt to change the base of 
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arithmetical notation; that, after due consideration,’ they re- 
jected (and no doubt justly) as too difficult a task to hope for 
accomplishment. The process of counting, with its tables of 
addition, subtraction, multiplication and division, being more 
fundamental even than the process of measuring, could never be 
re-taught to the mass of men, in the present stage of advancement 
of the popular mind, so that such a change would obviously 
never have obtained any permanent foothold among the masses. 
What they did propose to do was to bring the system of meas- 
urement into harmony with the system of numeration by deci- 
malizing the former, and to this they saw no serious obstacles. 
What ones they found, in the prosecution of this gigantic . 
undertaking, we shall see presently.. The world has profited, if 
not by their system, at least by their experience. 

It has been proposed, however, by those who have since la- 
bored with the same aims, but who have seen decided objec- 
tions to this method, to retain and perfect our present system of 
measurement, and to trust to time the changing of our notation. 
Here, then, we reach the first division of our subject: that of 
simple duodecimal weights and measures, as opposed to decimal ; 
and of duodecimal notation. The latter, being itself a matter 
requiring treatment at some length, if at all, will not be touched 
upon in this paper; nor even will the improvement of the 
present weights and measures receive more than brief attention. 
A lengthy consideration of these would only serve to obscure 
the main problem, which is, whether the metric system shall, or 
can, be introduced so as to supplant our own. 

In order to get a clear view of the question in all its bear- 
ings, it will be necessary to take a brief glance at the history of 
the metric as well as of our present system of measuring. 


* Whether or not they did give proper consideration to the matter of a duo- 
decimal system of weights and measures, in place of a decimal, without a change 
of notation, we are not informed ; but Delambre, in his Base du Systéme Métrique 
(tom. iii., p. 802), has answered some criticisms on this score by saying, that if it 
was found difficult to introduce the new system as it was, it would have been 
infinitely more so had the numerical base been changed in addition. It is toler- 
ably obvious from this that they did not deem the unification of weights and 
measures on the duodecimal scale merely, leaving the other change to follow in 
course of time, as worth their consideration. They desired to accomplish every- 
thing at once, or nothing. : 
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I. Hisroricau.! 


France. 


The metric system was born in the fiery period of history 
known as the French Revolution. Its friends do not tell us 
much about its origin; indeed, they deprecate any mention of it 
as being irrelevant to its merits, “intrinsically imprudent,” 
“ungrateful to the French government and people,” etc. Nev- 
ertheless, in view of certain general statements as to what the 
French people have done, held up to us as an example of what 
we should do, it may be neither without interest nor without 
importance to take a look at the actual facts. 

It was in the year 1790,° when the political upheaval in 


‘In the following summary of the events which have led to existing condi- 
tions, I have endeavored to be as concise as possible ; only the events having an 
immediate bearing on the subject in hand have been noticed. 

°J. W. Nystrom, in Jour. Franklin Inst., Vol. CI., p. 385 (June, 1876). 

* The reform of the weights and measures was one of the numerous demands 
made of the States-General, which met in May, 1789. It was referred to the 
Royal Society of Agriculture, two of whose members, MM. Tillet and Abeille, 
prepared a comprehensive memoir on the subject, which was presented to the 
Assembly Feb. 6, 1790. This is a masterly production, worthy of a place beside 
the work of Adams and the British committees, but which an unjust fate has 
consigned to the profound obscurity of the Archives. It reviews the history of 
the French and other weights and measures, and discusses the best means of 
restoring the original uniformity. I am mindful of the imperative limitations 
of my space, but I cannot forbear to quote their closing words : 

**We des! :e, for the honor of humanity, that the result of so splendid a work 
[i.e., an exhaustive investigation] shall be to substitute for the probabilities 
which many savants have already collected clear proofs of the ancient existeuce 
of a universal system of metrology. Everything leads us to believe that this 
system exists yet, and that it is only necessary to clear away the rust which dis- 
figures the copies to find that the nations are using weights and measures whose 
mother-standard, found in nature, has always been the same. If this conjecture, 
already supported by the opinion of distinguished savants as well as by a large 
number of facts, observations and coincidences, should be found correct, it would 
be neither impossible nor difficult to recover the elementary type of the measures 
of all European, and perhaps of all civilized nations.” 

Lalande, the astronomer, also, wrote a Memoir on the new measure proposed to 
be established in France, an extract from which is appended to the above ; in which 
he pointed out the uselessness of a ‘‘ natural standard,” and the very difficulties 
which have since been realized : 

‘The Paris toise is so well known throughout the world that I do not think 
it should be rejected for the seconds pendulum. . . . The only advantage 
perceived in it, would be to have England adopt a new measure taken from 
nature . . . ; but a general revolution in the two nations seems to me impos- 
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France was just beginning, and reforms, more and more radical, 
were being proposed on all sides, that the Prince de Talleyrand 
brought before the National Assembly a proposal to abolish the 
old system of weights and measures, to be in part or in whole 
replaced by a new one founded upon the length of the seconds 
pendulum, as suggested in the previous century by Huyghens. 
This proposal, somewhat modified, was adopted; and it was 
decreed, with laudable public spirit, that the British Parliament 
should be requested to codperate in the formation of a joint com- 
mission of the Royal Society and the Academy of Sciences, for 
the determination of the length of the seconds pendulum and of 
the new system of measurement to be deduced therefrom. The 
British Parliament, however, declined this invitation; or rather 
(such was the distrust at that time caused by the rapidly 
darkening political horizon in France) sent them no answer. 
It is certainly to be regretted that circumstances made such 
action necessary ; but we may be satisfied that, even if the pro- 
posal had been carried into effect, and the commission formed, 


sible. The operation will be very long, very embarrassing, very incomplete. It 
will introduce confusion into the work of those who calculate, and be absolutely 
useless to those who do not. 

‘Moreover, it will not accomplish the object proposed. . . . For there 
will always be greater uncertainty in the length of the pendulum than there is 
in the difference of length of two standards. . . . Suppose we should actu- 
ally make the pendulum experiments with all precision now possible; in 20 
years, no doubt, they will be made with stili greater precision, and a difference 
will be found of several hundredths [of a line]. Then, according to the adopted 
standard, we should have to say, by a new calculation: the seconds pendulum 
differs from our standard by so many hundredths. 

‘Tt is then an illusion to imagine that the natural pendulum will ever be a fixed 
standard. . . . 

‘The society established at London for the encouragement of the arts, having 
proposed a prize in 1774 for a method of reducing the English measures to a fixed 
standard, rejected the idea of the seconds pendulum. 

“It seems to me, then, that the time has gone by for changing it [the Paris 
standard]. But the confusion which reigns in every part of France is an intoler- 
able abuse, a relic of absurdity and feudal barbarism. 

“Having tried to show that the Paris toise, so well known, ought not to be 
changed, I will say the same thing about the reformation of the calendar. 
Undoubtedly it would be better if our year commenced at the vernal equinox, and 
the months of 30 and 31 days were more regularly distributed ; but this ad- 
vantage, or rather this simple convenience, would never balance the inconveniences 
of the real disorder which would be found in our calendars, our epochs, our dates, 
cur histories, our foreign relations if we began to reckon in a new manner.” 

Had these wise and moderate counsels prevailed, all would have been well | 
82 
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the temper and aims of the two nationalities respecting the sub- 
ject of debate would have made any agreement impossible. 
Undiscouraged by this rebuff, the National Assembly per- 
severed in their object single-handed, appointing for this 
purpose a committee of the Academy of Sciences, consisting 
of five of its most eminent members, viz.: Condorcet, Borda, 
Lagrange, Laplace and Monge.’ A more illustrious com- 
mittee probably never met together: every one of these men 
was of world-wide reputation; yet it contained a fatal defect. 
No man, however great, can comprehend things in all their 
relations. Life is too varied, and human wants too intricate, 
too broad, and too far-reaching ever to admit of it. Every 
man’s experience is drawn from the one department of life in 
which he has found his vocation. All others he can know only in 
a general way. Among these great men there was not a merchant, 
not a lawyer, not a banker or capitalist, not an engineer, not an 
artificer of any description. Those who were most deeply con- 
cerned had not a single representative. These men were all 
mathematicians. They had spent their lives, not in “the world’s 
broad field of battle,” but in the contemplation of the stars, in 
the laboratory, the library and the closet. With the intricacies 
of trade they could not be expected to be familiar; they knew, 
nothing of the practical working of machine-shops; the great 
processes of manufacture, on which life itself is now made to 
depend, were to them a sealed book. Is it, then, wonderful if 
they did not evolve something in all respects fitted to every-day 
service in the practical sphere? Would it not rather be 
strange if they had done so? Their genius, their skill, their 
perseverance during nine years of labor and many great dis- 
couragements, we cannot but admire. Their work will be a 
lasting monument of man’s constant effort toward improvement. 
“Tt is one of those attempts,” says John Quincy Adams,’ “ which, 
should it even be destined ultimately to fail, would, in its fail- 
ure, deserve little less admiration than in its success.” But the 
progress of the world cannot be made to depend on the devot- 
edness and disinterested motives of any body of men; their 


7H. W. Chisholm, a good authority, says that Lalande’s name also is signed 
to the report (Nature, Vol. VIII., p. 386); but I have not been able to find it. 
Probably what is referred to is his memoir quoted above—a very different thing ! 

* Report to the Senate and House of Representatives, 1821. For an account of 
this report, which will be often quoted in this paper, see p. 581. 
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work must be gauged strictly by its intrinsic merits ; and it is 
no reproach to them, no disparagement, if on such examination 
we find we cannot accept it. The most experienced of commit- 
tees, in facing a problem so enormous, so unprecedented, as the 
complete subversion of a national system of weighing and meas- 
uring, would not, perhaps, have done any better. But here, at 
any rate, was the first mistake (the personnel of the committee)— 
one that Great Britain, at least, whatever may be the faults of 
her weights and measures, has never made ; and the evil effects 
of it showed themselves the instant the theory was put into 
practice. 

This committee, after a brief consideration,” on March 19, 
1791, reported in favor of a scheme which was practically the 
metric system as we know it. Three natural standards were 
considered ; the pendulum beating seconds, a quadrant of the 
equator, and a quadrant of the meridian,” of which the last was 
chosen as the standard for comparison, and its ten-millionth 
part as the standard of linear measure, called the metre. The 
standards of weight and capacity were to be decimally related 
to the latter, the standard of weight being the weight of the 
volume of distilled water at the freezing-point contained in the 
standard of capacity. 

In addition, the Celsius or centigrade thermometer was 
adopted in place of the Réaumur then in use, and the number 
of degrees in the quadrant was changed from 90 to 100, to cor- 
respond with the division of the earth-quadrant into metres. 
To complete the whole, a brand-new nomenclature was fitted to 


the metrical standards and their decimal multiples and sub- 
multiples. 


*The preceding remarks will perhaps be called irrelevant. Perhaps they 
would be, were it not for the ‘‘ arguments” frequently pressed upon us in print 


‘and lecture-hall. 


” About five months ; they were appointed in October (?), 1790. A British com- 
mittee might have devoted as many years—a period entirely too long for France. 

"The reasons given for the rejection of the first were, that its permanency was 
not definitely known, that it was too difficult to measure with accuracy, and that 
it involved the acceptance of a questionable unit of time ; for the rejection of the 
second, that every nation did not possess a portion of the equator, and that it was . 
hence not strictly international. It is to be observed, that time and experience 
have exactly reversed the order here given; for, as between the equator and a 
meridian, the latter being found to have no constant length in various parts of the 
globe, the choice of the equator would at least have avoided this difficulty; both, 
however, being finally rejected, and the pendulum being made the real standard. 
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It may be worth while to observe, for the sake of historical 
accuracy, that, notwithstanding generally received ideas, and 
that the Commission itself says nothing to the contrary, the 
idea of a universal system, as they embodied it, did not originate 
with them, but with a humble priest and choir-master of the 
collegiate church of St. Paul at Lyons, about a century previous. 
His name was Gabriel Mouton ; his book was published in 1670. 
This man, who has never received any credit for his invention, 
proposed to decimalize, not indeed the guadrant of the earth’s 
circumference, but the minute, his scheme being as follows :” 


1 millesima or punctum (point), about 0.007 inches. 

10 millesimae = 1 centesima or granum (grain), ‘* 0.073 “ 

10 centesimae = 1 decima or digitus (finger), 60.729 * 

10 decimae = 1 virgula (wand), too 

10 virgulae = 1 virga (rod), = 

10 virgae = 1 decuria or funiculus (cable),  ‘“ 61 ae 

10 decuriae = 1 centuria or stadium (furlong), ‘* 608 = 

10 centuriae = 1 milliare = 1 nautical mile, or 1 minute of the equator. 


Mouton was also the first to propose the pendulum principle 
(discovered a few years before) for preserving the exact length 
of the standard, as La Condamine has admitted; and he car- 
ried out a highly creditable series of measurements on the pen- 
dulum for this purpose. Yet in the report of that great committee 
“we seek in vain for a proper recognition of obligation, and find 
in a few lines a mutilated account of Mouton’s scheme, while he 
barely escapes condemnation in some words of faint praise from 
those who had thought of a universal measure.” 

The report of the committee to the Academy was transmitted 
by that body March 26, 1797, to the National Assembly, which ac- 
cepted it and immediately proceeded to carry out its provi- 
sions. A committee, consisting of MM. Méchain and Delambre, 


“Tt will be seen that Mouton’s unit is just equal to a fathom and very close to 
six English feet, and the alternative names he wisely gave to his units are such 
as the people would readily accept. It may truly be said that the parts the 
French Academicians altered they did not improve on. 

J. H. Gore, in American Jour, Science, January, 1891. Professor Gore says, 
further, regarding the report of the ‘‘Commission des Poids et Mesures” of 
1799 : ‘‘In the detailed account of operations which follow, there is interspersed @ 
large amount of praise for the participants—from Talleyrand, who laid the 
propositicn before the Assembly on May 8, 1790, down to the laborers who car- 
ried in the prototype. . . . But one looks in vain for a mention even of the - 
name of the humble, modest priest who deserves the credit of first proposing ‘& 
type taken from Nature herself, as unalterable as the globe which we inhabit.’” 
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was appointed to ascertain the length of a meridian by measure- 
ments on that passing through Paris between Dunkirk and 
Barcelona (the same was afterwards extended to Formentera), 
and to make sundry other measurements to the same end; 
another, consisting of Borda, Méchain and Cassini, to measure 
the length of the seconds pendulum, as a second standard of 
comparison ; another, of Lefévre-Gineau and Fabbroni (a for- 
eign associate), to determine the standard of weight by experi- 
ments on water ; and a large committee on weights and measures 
to form scales of comparison between the new and the old 


measures. 


The work thus laid out required more than eight years for its 
completion. It was faithfully completed by the several persons 
to whom it had been encharged, to the best of their ability, and 
in the face of hardships, difficulties and discouragements of 
great magnitude, as well as of the ingratitude of the very nation 
which had appointed them and depended on the results of their 
labors. But it is not to be supposed that any such length 
of time was considered necessary by the National Assembly ; 
France was at that time progressing too rapidly to admit of such 
delay ; and scarcely two years had passed before the Assembly, 
losing its patience, on August 1, 1793, passed a law causing the 
new system, or rather a provisional system, to go into effect 
immediately, the dimensions of the standards being hastily com- 
puted from previous measurements, and a provisional nomencla- 
ture, entirely different from anything in use either before or since, 
being at the same time annexed. “This extraordinary law,” 
says John Quincy Adams, “ was probably intended, as it directly 
tended, to prevent the further prosecution of the original plan.” 

I need not dwell on the political details of that period. But 
from those bloody and fanatical scenes not even the abstruse 
and impartial labors of mathematics and mechanics were 
exempt. Méchain was made a political prisoner in Spain; 


Lavoisier, one of the most brilliant and active members of the 


Commission, and an associate of the first Committee, was guil- 
lotined, with twenty-seven others of his profession, in the idea 
that “the republic had no need of savants.”’ Condorcet, their 


“ This was the actual reply made to those who begged the life of Lavoisier. 
There seems to have been no particular reason for taking his life except that 
given. For his work in connection with the metric system, see Nature, Vol. 
IX., p. 185. 
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first chairman, poisoned himself in prison to escape the same 
fate. Of the rest, Borda, Laplace, Coulomb, Brisson, and 
Delambre, not being radical enough to suit the ideas of the 
time, were dismissed from the commission, and escaped the 
general proscription with their lives; the Academy of Sciences 
was abolished ; and the work of the commission brought to a 
summary stop. 

“Yet even Robespierre and his committee were ambitious, 
not only of establishing the system of new weights and measures 
in France, but of offering them to the adoption of other nations; 

and on the 2d of August, 1794, the two standards were, 
by the then French minister plenipotentiary Fauchet, sent to 
the Secretary of State [in America], with a letter, recommending, 
with some urgency, the adoption of the system by the United 
States. This letter was communicated to Congress by a message 
from the President of the United States, of the 8th of J anuary, 
1795.” * 

Meanwhile to complete the scheme of tens by which every- 
thing henceforth was to be divided up, with the overthrow of 
the Government in 1792, the old calendar and divisions of time 
were swept away in their entirety, and replaced by one more 
modern, more simple and more systematic. They could not, 
to be sure, change the length of the day; nor could they make 
one hundred, or one thousand of them into a year; and as 
they had determined to retain the division into months, they 
found it necessary also to retain their number, twelve. To these 
months fanciful names were given.” Each consisted of three 
weeks or decades, each week of ten days, each day of ten hours, 
each hour of 100 minutes, and each minute of 100 seconds. 
This arrangement provided for only 360 days of the year, how- 
ever; the remaining five or six, having no month to cover them, 
were derisively termed, in the political slang of the day, Sans- 
culottides, and were turned into a kind of Saturnalia. 

“The decimal divisions, and the fanciful contexture of the 
equinoctial calendar,” says John Quincy Adams, ‘“‘ were a sort 
of episode to the new system of metrology. The attempt to 
decimate the year and its number of days was equally useless 
and absurd.” Indeed, it may be called the reductio ad absurdum 


'® Quoted from the Report of John Quincy Adams. 
* The year began at the autumnal equinox (September 22), when “‘the sun 
entered the sign of the balance, the symbol of equality.” 
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of the decimal scheme. It was accordingly the first to break 
down, the day of 100,000 seconds not even outlasting the revo- 
lution from which it sprung. 

During the same period, also, the decimal coinage of France 
was instituted. A law of October 7, 1793, made the weight of 
the new unit, the franc, to be ten grammes, both in gold and 
silver. It was never carried out, but superseded by one of 
August 15, 1794, reducing the silver franc to five grammes and 
abolishing the gold one. The livre of twenty sous was abolished 
altogether. This reform, however, was carried on somewhat 
separately from the other decimal measures; and owing to its 
only indirect connection with the subject in hand, and the 
lengthy details of the insane financial legislation with which it 
was accompanied (an equally instructive lesson for ourselves in 
another branch of political economy), the subject will not here 
be farther pursued. 

Neither did the poor and imperfect methods of those who go 
down to the sea in ships escape the vigilance and devotedness 
of the philosophers in their efforts to improve the condition of 
the race. The decimal divisions of the quadrant, and its rela- 
tion to the metre, have already been mentioned ; to which were 
added, the new compass of 40 rhumbs instead of 32; the new 
log-line, divided into kilometres instead of nautical miles; the 
new sounding-line, divided into metres instead of brasses; and 
the new cable-length of 200 metres instead of 100 toises. And 
that the seaman might have the full benefit of the new system, 
though in his ignorance and prejudice he might not understand 
his best interests, he was compelled to use it at sea, just as his 
countrymen were on land. “A French navigator, suffering 
practically under the attempt thus to navigate, decimally, the 
ocean, recommended to the National Assembly to decree, that 
the earth should perform 400 revolutions in a year.” ” 

In the republic thus inaugurated, in which all things were 
made new, it was a truism that they should not be allowed to 
become old. Accordingly the same law which, at the end of a 
year and a half, abolished the decimal division of the day, 
abolished also the nomenclature of weights and measures estab- 
lished by the law of August 1, 1793. . This was on April 7, 1795 


” Report of John Quincy Adams. 
“The decimal calendar, established by a law of October 5, 1792, was not 
made compulsory until November 24, 1793. 
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(my readers will be spared the “metrical” calendar). The 
Academy of Sciences, which had been itself abolished in August, 
1793, was at the same time reconstituted, but under a new name, 
the “National Institute” ;' and finally, the old Commission of 
Weights and Measures was replaced by a new one of twelve 
persons, namely: Berthollet, Borda, Brisson, Coulomb, Darcet, 
Delambre, Lagrange, Laplace, Lefévre-Gineau, Legendre, Mé- 
chain and Prony.” The “definitive” nomenclature, being that 
which we know, as formulated by the first committee, was now 
adopted; and the measurement of the meridian, after an in- 

‘terruption of a year and a half, was resumed. Towards the 

close of the work, in 1798, eleven foreign associates * were added 

to the commission, to give the new system an international 
character, or at least the appearance of one. In that year 

MM. Delambre and Méchain had finished their arduous work, 

and their report, when completed, together with all their ob- 

servations and calculations, and all those of the committees 
on the length of the pendulum and the weight of the kilogramme, 
were finally subjected to the scrutiny of the mathematical and 
physical section of the National Institute, previous to their 
acceptation. The construction of a platinum standard metre, 
in accordance with the calculations, was delegated to Lenoir; 
of a platinum standard kilogramme, to Fortin ;” which stand- 
ards, when completed, were presented, on June 22, 1799, to the 
two branches of the National Assembly, amid great pomp and 
circumstance, and afterward carefully deposited in the National 

Archives. 

The account of these operations, to the casual observer, no 
doubt, seems simple enough; or even, to use the words of 
Laplace before the National Assembly, “ beautiful, grand, sub- 
lime, worthy of the brilliant age in which.we live.” But the 
remarkable facts, which only experience could reveal, and the 


[Institut National des Sciences et Aris. 

Nature, Vol. VIII., p. 387. Adams gives Hatiy, Monge, and Vandermonde in 
place of Darcet, Legendre, and Lefévre-Gineau. Probably all were members at 
one time or another. The names of all these and several more are signed to the 
reports of the various sub-committees, etc. 

*1 The countries represented were : Spain and the Batavian Republic, 2 each ; 
Denmark, Sardinia, Tuscany, the Roman, Cisalpine, Ligurian and Helvetian re- 
publics, 1 each. Only three of these countries have now any political existence. 


It is to be observed that France had more members than all the others combined. 
2 Celebrated instrument-makers of Paris. 
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formidable doubts to which they gave rise, could not be com- 

nsated by the most precise of measurements,”—could not be 
obscured by the most elegant of theories, nor concealed by the 
grandest of ceremonies. Laplace and his colleagues had pro- 
ceeded on the assumption that the earth was a perfect sphere, 
or at least a perfect spheroid, though the amount of ellipticity 
of the meridional section was not definitely known. It was the 
work assigned to Méchain and Delambre to determine this ellip- 
ticity with an exactness never before approximated. Their 
method depended on the relative length of the successive de- 
grees of the arc they had selected for measurement. But it 
was found that these had no definite relation. The length of the 
degree was discovered to be a variable following no known law 
of variation, and only approximately the spheroidal law. But 
this was not all. Other measurements taken in Peru, Lapland 
and elsewhere proved the equator itself to be elliptical. Thus 
was the idea of universality for the new standard defeated ; 
while the large assumptions made necessary in order to recon- 
cile the discordant values of the degree rendered the minute 
accuracy of seven years completely vain. Years after the pla- 
tinum standard had been filed away in the Archives it became 
definitely known that its length was seriously in error.“ But 
when the question arose of constructing a new and correct stand- 
ard to replace the old one, the uncertainty even then as to 
what was correct, and how long it would remain so, and, more- 
over, the superhuman task of finding out, were too great, and 
the supposed advantages of the exact ten-millionth part too small, 
to compensate for the infliction of still another standard of meas- 
urement on unfortunate France, already then laboring under no 
less than four different systems, three of which embodied the 
efforts of her philanthropic legislators to rid her of the fourth. 
So the principle which lay at the base of the whole system, as 


* The angular measurements were made to the hundredth of a second of arc; 
the base-line measurements were made with a micrometer microscope (the meas- 
uring bars being laid end to end without touching), and carefully corrected in 
each case for temperature, etc. To Borda is due the credit of the construction 
of the instruments used for the purpose. 

* The exact amount of the error remains unknown to this day, and owing to 
the uncertain nature of the natural standard, probably always will. It is gener- 
ally reckoned that the metre is short by 7}> to yy of an inch. The “‘ provi- 
sional” metre of April 7, 1795, was about y4, of an inch longer than that finally 
adopted, and would therefore have made a better standard than the latter. 
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it had presented itself to the great minds which conceived it, 
was at length openly abandoned ; and the labors of so many 
yen, consecrated by the death of three of the nation’s greatest 
sons,” remained in history only as the monument of an unsuc- 
cessful attempt after a worthy object. 

It remained for the kilogramme to share the same fate as the 
metre. When the scheme was devised, the unique property of - 
water, of contracting instead of expanding from the melting-point 
for a short distance up the thermometric scale, was unknown. 
This was the discovery of MM. Lefévre-Gineau and Fabbroni; 
and though no doubt a famous discovery, it doubled the diffi- 
culty of their task, superadding a new one, that of finding the 
point of maximum density of water. But without going further 
into the work of the Commission it is sufficient to observe that 
the standard platinum kilogramme was found by later measure- 
ments, like the metre, to be in error by a small but measur- 
able quantity ; in spite of which, however, the standard of the 
archives, and not the cubic decimetre of water, was affirmed to 
be the true kilogramme, at the same time that the earth-quadrant 
was abandoned as a standard for the metre. 

The two most fundamental principles of perfect simplicity and 
beauty having been of necessity resigned, let us now see how it 
fared with the third and most important, viz., the decimal divi- 
sions, involving the use of the scientific nomenclature. The new 
language of measurement was as near perfection as could well be 
desired. One meaning, and but one, was attached to each word; 
the terms were mutually exclusive ; and there was not the slight- 
est danger of confusion with the existing units. “The theory of 
this nomenclature,” says John Quincy Adams, “was perfectly 
simple and beautiful. Twelve new words, five of which denote 
the things, and seven the numbers, include the whole system of 
metrology ; give distinct and significant names to every weight, 
measure, multiple, and subdivision of the whole system ; 
and keep constantly present to the mind the principle of decimal 
arithmetic. . . . Yet this is the part of the system which 
has encountered the most insuperable obstacles in France. 
The French nation have refused to learn, or repeat these twelve 
words. . . . They take the metre; but they must call one- 


% Méchain died September 20, 1805, from the effects of a fever contracted in 
the completion of the work in Spain. For Condorcet and Lavoisier see page 501. 
Borda also died February 20, 1799, but from natural causes. 
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third part of it a foot. They accept the kilogramme ; but instead 
of pronouncing its name, they choose to call one-half of it a 
pound.” The same perversion of terms is common in France to 
this day. “The cheerful, ready, and immediate adoption, by the 
mass of the nation, of these twelve words, would have secured 
the triumph of the new system in France. . . . The setier 
would no longer have been a common representative for 12 
boisseaux of corn, for 14 of oats, for 16 of salt, and for 32 of 
coal, and for 8 pints of wine. . . . It is mortifying to the 
philanthropy, which yearns for the improvement of the condi- 
tion of man, to know that this is precisely the part of the 
system which it has been found impracticable to carry through.” 

Such, then, was the condition in France in 1821, twenty-five 
years after the inauguration of the metric system; and such it 
remained for the twenty years following. But let us return 
once more to the period of the Revolution to inquire after the 
fortune of the decimal divisions. (It is almost a foregone con- 
clusion that they could not go very far without their names.) It 
will be remembered that the same day (April 7, 1795) that saw 
the adoption of the new nomenclature saw also the rejection, 
after a year and a half’s trial, of the decimal divisions of the 
day; though it is to be remarked, that in one sense these divi- 
sions contravened the original plan, by establishing a new value 
for the length of the pendulum, which was to act as a secondary 
standard of comparison for the metre. The same law prescribed 
the use of the decimal divisions exclusively for weighing and 
measuring, under pains and penalties. It is unnecessary to 
mention what opposition to the law meant in those days. But 
not even Gallic philosophy could long put up with the intoler- 
able inconvenience of such regulations; and an attempt was 
made, late in 1799, to allow the use of the old terms, at least, 
in substitution for the new ones. Though unsuccessful, this 
attempt was followed by a gradual relaxation, which finally 
became complete. On April 8, 1802, the week of ten days was 
repealed. On November 23, 1802, the law prescribing the form 
and dimensions of casks for wine and other liquors in an exact 
number of litres*® was repealed—a law whose folly was evident 
from the fact that it entirely precluded any commerce whatever 
in those commodities between other countries (such as Eng- 


*There was a list of prescribed sizes and dimensions in millimetres from 50 
to 1,000 litres. 
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land) whose laws prescribed other and customary sizes. On 
September 9, 1805, the whole of the remaining portion of the 
new calendar was formally abandoned. Finally, on February 
12, 1812, after more than eighteen years of compulsion, and at a 
moment when a widely popular measure was required of him, 
the Emperor Napoleon issued a decree completely abandoning, 
except for a few special cases, the decimal principle, and restor- 
ing once more to the people the foot, the ell, the toise, the 
pound, the boisseau, and all their customary subdivisions. 

This new enactment was called the Systéme Usuel ; but it was 
far from being the usual system. For the measures to which 
these terms were now applied were not the old measures, but 
near approaches to them only, in terms of the metrical units. 
Thus, the toise was not the old toise, but two metres; the foot 
was not the old foot, but one-third of a metre; the ell was 12 
decimetres ; the boisseau 4 hectolitre, and so on. 

The effects of this unfortunate new attempt to relieve the 
commercial distress of the nation may well be imagined. For 
besides giving to it, as to its units, names which neither it nor 
they could justly lay claim to, it merely superadded a new mode 
of measurement to the already existing diversity instead of 
driving them out, as perhaps its promulgator had imagined. 
The unhappy country now had no less than four different 
systems, viz—(1) that which existed before the Revolution, of 
which, says Mr. Adams, “there is yet (1821) a very extensive 
remnant in use ;” (2) the “ Provisional System,” established dur- 
ing the Revolution ; (3) the “ Definitive System,” established De- 
cember 10, 1799 ; and, lastly (4) the “ Usual System,” so called, 
of February 12,1812. It was not attempted to compel the use of 
this latter, it being the idea of the Emperor to use it only as a 
makeshift until, at the end of ten years, experience and delibera- 
tion should have shown the best way out of the thick cloud of 
difficulties which presented themselves ; a period, long before the 
expiration of which the first empire and its glories had vanished, 
and, it is deeply to be regretted, any improvement in existing 
conditions forestalled. 

Then ensued twenty-five years of inextricable chaos and 
countless frauds. ‘The small dealers in groceries and liquors, 
and marketmen, gave the people the fifth of a kilogramme for 
a half-pound, and a fifth of the litre for a half-setier. 

The half-setier, just equivalent to our half-pint, was the measure 
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in most common use for supplying the daily necessities of the 
poor; and thus the decimal divisions of the law became snares 
to the honesty of the seller and cheats upon the wants of the 
buyer.”* Finally, when a king®™ was again seated on the 
throne of France, on July 4, 1837, a royal decree was issued re- 
pealing that of 1812, and ordering the exclusive use of the deci- 
mal metric system. It was followed by two others of 1839 
modifying the denominations allowable, and prescribing the 
form and dimensions of all instruments and measures. These 
laws came into force on January 1, 1840, since which date no 
further attempts have been made to meddle with so dangerous 
a subject—the experience of the past having proved a sufficient 
guide for the conduct of the future. 

We will not here follow further the progress of the metric 
system; but before continuing our history, we may profitably 
pause to reflect upon the lesson and the warning which is here 
set before us; not to do so would argue a heedlessness and 
want of sound judgment equalled only by that of the unlettered 
demagogues whom the social upheaval of the French Revolution 
brought to the front. It is indeed unfortunate to be obliged to 
recount the story of the past failings and mistakes of a sister 
republic in her imitation of our own struggle for liberty ; never- 
theless, since we are asked to pursue a course of compulsory 
legislation similar to theirs, the subject is too important to allow 
of our reason being subdued by our sentiment. And here I 
cannot do better than once more to quote from the Report of 
John Quincy Adams. 

“The changes which have forced themselves upon the new 
system, under the attempt to reduce it to practice, should serve 
as admonitions to correct the errors of theory.” . . . “The 
decimal numbers applied to the French weights and measures, 
form one of its highest theoretic excellences. It has, however, 
been proved by the most decisive experience in France, that 
they are not adequate to the wants of man in society; and 
for all the purposes of retail trade, they have been formally 
abandoned. The convenience of decimal arithmetic is in its 
nature merely a convenience of calculation; it belongs es- 
sentially to the keeping of accounts; but it is merely an inci- 
dent to the transactions of trade. It is applied, therefore, with 


7 Report of John Quincy Adams. 
* Louis Philippe. 


7 ‘ 


510 THE METRIC VERSUS THE DUODECIMAL SYSTEM. 


unquestionable advantage to moneys of account, as we have 
done: yet, even in our application of it to the coins, we have 
not only found it inadequate, but in some respects inconven- 
ient.” . . . “A glance of the eye is sufficient to divide 
material substances into successive halves, fourths, eighths 
and sixteenths. A slight attention will give thirds, sixths and 
twelfths. But divisions of fifth and tenth parts are among the 
most difficult that can be performed without the aid of calcula- 
tion. Among all its conveniences, the decimal division has the 
great disadvantage of being itself divisible only by the num- 
bers two and five.” . . . “For all the uses of weights and 
measures, in the ordinary application to agriculture, traffic, and 
the mechanic arts, it is perfectly immaterial what the natural 
standard to which they are referable, was. The foot of Hercu- 
les, or the arm of Henry the First, or the barley-corn, are as 
sufficient for the purpose as the pendulum, or the quadrant of 
the meridian. The important question to them is the cor- 
respondence of their weight or measure with the positive stand- 
ard.” . . . “The standard taken from the admeasurement 
of the earth had no reference to the admeasurement and powers 
of the human body. The metre is a rod of forty inches: and 
by applying to it exclusively the principle of decimal division, 
no, measure corresponding to the ancient foot was provided. 
An unit of that denomination, though of slightly varied dif- 
ferences of length, was in universal use among all civilized 
nations; and the want of it is founded in the dimensions of the 
human body. Perhaps for half the occasions which arise in the 
life of every individual for the use of a linear measure, the in- 
strument, to suit his purposes, must be portable, and fit to be 
carried in his pocket. Neither the metre, the half-metre, nor 
the decimetre are suited to that purposa. The half-metre cor- 
responds indeed with the ancient cubit ; but perhaps one of the 
causes which have everywhere, since the time of the Greeks, 
substituted the foot in the place of the cubit, has been the supe- 
rior convenience of the shorter measure. Besides which, the 
cubit being the unit, the half-cubit might serve the purposes 
of the foot; but the metre, divisible only by two and by ten, 
gave no measure practically corresponding with the foot what- 
ever.” 

“Thus, then, it has been proved, by the test of experience, 
that the principle of decimal divisions can be applied only with 
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many qualifications to any general system of metrology ; that 
its natural application is only to numbers ; and that time, space, 
gravity and extension inflexibly reject its sway. The new 
metrology of France, after trying it in its most universal theo- 
retical application, has been compelled to renounce it for all the 
measures of astronomy, geography, navigation, time, the circle, 
and the sphere ; to modify it even for superficial and linear meas- 
ure, and to compound with vulgar fractions in the most ordinary 
and daily uses of all its weights and all its measures. . 
Yet a system of weights and measures, which excludes all ge- 
ography, astronomy, and navigation, from its consideration, 
must be essentially defective in the principle of uniformity.” 
The metric system, then, formed in fact a long chain, in which 
“the metre and the second were the intermediate links connect- 
ing science and practical life, having the solar system at one 
end, and a quart measure at the other.”” The fault of its 
inventors was that, being accustomed to the contemplation of 
the universe, they began at the wrong end of this chain. They 
were so anxious to obtain a system which should be utterly free 
from any taint of partiality or national prejudice, which should 
be ideally and absolutely perfect, which should be as lasting as 
the globe and never need revision, that they could find their 
type only in the heavenly harmony from which “this universal 
frame began.” But alas for this perfection! for when they had, 
by the long and laborious processes of science, arrived at the 
other end of the chain, man was found to be so imperfect a 
being, that the scheme was unsuitable to his use, and that he 
either could not, or would not, accept it. It was in vain to 
launch legislative thunders or to deprecate his ingratitude : the 
legislator and the scientist alike found that they had arrived at 
a force which they could not control—a bound beyond which 
they could not pass. It has never been suggested that any 
other nation, or the same nation under any other circumstances, 
would have ventured even to think of such an undertaking, or 
to have made their selection of a system of measurement in 
the same manner or on the same basis. It is therefore con- 
cluded that the opinion is not without justification, that the 
metrical is “the most unpractical of systems, which required 


* Report of Committee of the Franklin Institute, J. Frank. Inst., June, 1876, 
p. 370. 
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the most theoretical, sentimental and revolutionary of nations 
to adopt it.” ® 
Great Britain. 


Let us now turn to a brief review of the less pretentious his- 
tory of our own homely English system, or lack of it (a phrase 
which the metric advocates are fond of using). There are even - 
some who derisively assert that it has no history; and that, 
like Topsy in Uncle Tom’s Cabin, it was never made, but “jest 
growed.” It is true that its history has been less brilliant than 
the other; but it has been age-long in duration. It is true that 
it has no immortal genius to father it, or if it has, his name is 
buried in antiquity,—as even that of Laplace may some day be; 
the only father to whom it can now lay claim is Man in the 
aggregate. But if the custom still obtains of putting “age 
before beauty,” then our own system must take the precedence. 
This is more important than may at first appear; for it must 
be remembered that our system of weighing and measuring is 
the result of centuries of natural selection—the sole survivor of 
hundreds of others which have lived and died or still exist only 
in semi-civilized countries; while the new-comer has yet to 
stand the test of time. But, what is most important of all, pos- 
session is nine points of the law ; so that it is not merely a ques- 
tion as to which is the better of the two, abstractly considered, 
but the onus probandi is entirely upon the later system, and 
it must show incontestable superiority over that now in use 
before it can presume to take its place. 

In order to see shortly whether the latter really is a system, 
though somewhat the worse for wear, we have only to turn to 
the statute-book of England for the year 1266, where we find 
that 

“ By the consent of the whole realm of England, the measure of 
the king was made ; that is to say, that an English penny, called 
a sterling, round, and without any clipping, shall weigh thirty- 
two wheat corns in the midst of the ear, and twenty pence do 
make an ounce, and twelve ounces one pound, and eight pounds 


* L. D. Jackson, ‘‘ Simplified Weights and Measures,” Spon, London, 1876. 
So also Gen. C. W. Pasley: ‘‘I believe that no plan of a public measure of any 
importance was ever worse concocted or more injudicious, or has been subject to 
more capricious changes, than what was originally called the Republican system 
of weights and measures.” (Paper read before British Association, Section F, 
Aug. 12, 1856.) 
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do make a gallon of wine, and eight gallons of wine do make a 
London bushel, which is the eighth part of a quarter.” * 

We have here a law which, as Mr. Adams truly remarks, 
“unfolds a system of uniformity for weights, coins and measures 
of capacity, very ingeniously imagined, and skilfully com- 
bined ;” and, he might have added, far excelled in its practical 
adaptation to the wants of its users, the “ theoretic excellences ” 
of the French decimal] system. ‘‘ Under this system, wheat ” 
(the chief article of commerce) “was bought and sold by a 
combination of every property of its nature, with reference to 
quantity ; that is, by number, weight, and measure. It makes 
wheat and silver money, the two weights of the balance, the 
natural tests and standards of each other. It combines an uni- 
formity of proportion between the weight and the measure of 
wheat and of wine ” (the chief liquid of commerce). “To this, 
with regard to wheat, it gave the further advantage of an 
abridged process for buying or selling it by the number of its 
kernels.” 

“The only notice,” continues Mr. Adams, “which most of 
the modern writers upon English weights and measures have 
taken of this statute, has been to censure it for taking kernels 
of wheat as the natural standard of weights; with the very ob- 
vious remark that the wheat of different seasons and of differ- 
ent fields, and often even of the same field and the same season, 
is different. But the statute is chargeable with no such uncertainty. 
The statute merely describes how the standard measure of the 
exchequer . . . was made.” 

In order to understand more perfectly the system embodied 
in the statute, let us represent it in the form of a table: 


@ 4 x 8 wheat-corns make................ 1 penny sterling. 
20 pence 1 ounce. 
12 ounces 1 sterling pound. 
8 pounds (of wheat) make... ....... 1 wine-gallon (by measure). 
8 wine-gallonsof wine ‘‘ ........... 1 bushel (by weight). 
8 bushels -1 quarter. 


It is to be observed that the basis for the whole system rests 
upon the easterling * or sterling pound; and that therefore the 


* Cited by J. Q. Adams in his Report. The italics are his. 
. “This name is said to be derived from the weight having been originally in- 
troduced by ‘‘ easterlings,” i.¢., French and German traders ; but it is certainly 
far more ancient. The standard dated probably from Charlemagne, and was 
33 
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people had constantly before them the standard of weight in 
the silver shilling (not here mentioned) and the silver penny ; 
until—what has invariably happened—the debasement of the 
currency began, and was continued by one monarch after an- 
other, leaving the people without any standard, and throwing 
the values of the other quantities into confusion.” But it is 
also to be observed that the capacity measures, the gallon, 
bushel and quarter, are established by weight, not by volume; 
a circumstance which marks the origin of the ¢wo weights and 
two measures which are still extant; two weights, one for silver, 
the other for merchandise; two measures, one for wine, the 
other for wheat. For each of these are, or originally were, 
related to each other in the ratio of the specific gravities of 
wine and wheat —the chief liquid and solid articles of commerce; 
that is, in the ratio of 4 to 5. 

Now the statute states that “eight pounds do make a gallon 
of wine,” meaning “ eight pounds of wheat fill a wine-gallon;” 
as is seen by a subsequent confirmatory act (1304), which ex- 
pressly mentions eight pounds of wheat. But in the next clause 
it states that “eight gallons of wine do make a London 
bushel,” in which the wine-gallon is used in its usual sense as 
a weight, not a measure, and is filled with wine, not with wheat. 
There can be no doubt that the use of the same expression to 
mean two different things—a weight and a measure—is a serious 
defect in the statute, viewed as a guide for future generations ; 
and it is, in fact, this very ambiguity which has led to confusion, 
contradictory laws, and a multiplicity of measures. This law, 


derived originally from the Romans; and, according to Mr. Adams, ‘‘ had been 
used at the mint for centuries before the Conquest.” The pound of Charlemagne 
was called livre esterlin; Mr. Adams concludes that there was also a western 
pound, which was the original of the avoirdupois. There was indeed a libra 
occidua Valentiniani—a western pound of Valentinian (4th century), the first 
ruler of the Western Empire ; but what this pound was is doubtful. (DuCange, 
Glossarium Med. et Inf. Lat., ed. Henschel & Favre, 1885, tom. 5, p. 95, art. 
Libra.) It is probable, however, that it was the Greek mina of sixteen ounces. 
But the sterling was not the same as either the troy or the avoirdupois pound, 
which, though derived from the same original source, were not introduced until 
the following century; and in the jumble which followed, some features of the 
old system engrafted themselves on the new. 

°° The present pound sterling contains less than one-third its original weight 
cf silver. But the French divre, at the time of the French Revolution, contained 
less than +g part of its original weight. 
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however, merely crystallized the common usage, and its terms 
were perfectly understood at the time it was enacted. 

But neither wheat nor wine was weighed by the sterling 
pound of twelve, but by the commercial pound of fifteen ounces ; 
as is seen once more by the confirmatory act of 1304, which says 
that “every pound of money and of medicines consists only of 
twenty shillings weight ; but the pound of all other things consists 
of twenty-five shillings. The ounce of medicines consists of 
twenty pence, and the pound contains twelve ounces; but in 
other things, the pound contains fifteen ounces, and, in both 
cases, the ounce is of the weight of twenty pence.” Both the 
act of 1266, indirectly, and that of 1304, directly, therefore, 
established the ratio of the two weights, viz., 4 to 5. 

Although at this period the lighter pound was used neither 
for liquid nor for grain, it undoubtedly originated from the use 
of a common measure for both. The gallon measure, for in- 
stance, would contain eight pounds of wheat, or eight pounds 
of wine ; but the former pound was only four-fifths the weight 
of the latter. Afterwards, however, the process was reversed, 
and the pound of wheat being made equal to the pound of 
wine, the gallon of wheat (the so-called “ corn-gallon,” now 
obsolete) was of a capacity one-fourth greater than the gallon 
of wine. Hence arises the unfortunate circumstance that there 
still survive among us two different weights, each called a 
pound ; and two different measures of capacity, each called a 
gallon. Undoubtedly it was for convenience that each of these 
relations was originally instituted, and no ambiguity ever arose 
from them; but with the extension of commerce and manufac- 
ture to the infinite variety of substances now weighed and 
measured, and the growing necessity for greater exactness, the 
original convenience was lost; while the blunders of six centu- 
ries of parliaments and kings, through an age when printing and 
railroads were unknown, and elementary education the excep- 
tion, have almost effaced the relations. 

There are many in these days, who, unconscious of the past, 
are attempting to introduce the metric system in English-speak- 
ing countries ; it is the custom of these to jeer at the English 
weights and measures as a mere “heap of rubbish,” which do 
not and never did possess any connection with each other, but 
were picked up at random, no one knows where. “That a legal 
bushel in the United States must contain 2,150.42 cubic inches,” 
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exclaims one of them, “is convincing evidence that the foot or 
the yard has no place in its ancestry.” *' Unfortunately for this 
aud similar statements, the exact opposite is the case. Had 
their authors even stopped for a reasonable time to think, it 
might have occurred to them that, even to-day, the standard gal- 
lon of the United States (231 cubic inches) is nearly the eighth part 
(216 cubic inches) of the cubic foot, and filled with water weighs 
nearly eight (8}) pounds; that the standard bushel (2,150.42 
cubic inches) is nearly equal to ten of these gallons, or 1} cubic 
feet (2,160 cubic inches); that, conversely, the imperial gallon 
of Great Britain (277.274 cubic inches) weighs exactly ten pounds 
of water, and is the exact ecghth part of the imperial bushel 
(2,218.19 cubic inches); that the ratio of the pound troy to the 
pound avoirdupois is nearly the same as that of the gallons of 
the two countries ; that a cubic foot of distilled water weighs 
nearly 64 pounds, and thirty-two such cubic feet almost exactly 
one ton (1,997.6 pounds at maximum density); and that finally 
all these approximate relationships of eight, ten, and their mul- 
tiples could hardly be a mere accident. | 

But although these relationships point to a remarkably well 
organized system which must have existed somewhere, at some 
time, they are not all in evidence from the statute of 1266. In 
order to discover the remainder, as they existed in England at 
this time, we must have recourse to other statutes, and also to 
calculation.” Now the wine mentioned in the statute, being that 
commonly used in England at that time, was “Gascoign,” or 
Bordeaux, wine (7.e., claret), whose specific gravity is 0.9935, or 
about 61.94 avoirdupois pounds to the cubic foot. And the 
sterling pound of 12 ounces, being 5 lighter than the troy 
pound, contained 5,400 troy grains; whence the commercial 
pound of 15 of the same ounces contained 6,750 troy grains. 
The cubic foot of wine, therefore, which weighed 61.94 avoirdu- 
pois pounds, weighed 722° x 61.94, or 64.24 of the old commer- 
cial pounds—a number as near to 64 as the accuracy of the cal- 
culation allows of.” 


* T, C. Mendenhall, in Trans. A. 8. C. E., Vol. XXX., p. 120 (October, 1893). 
The italics are mine. 

* For these figures, and for many of the facts here presented, concerning the 
old English weights and measures, as well as their ancient prototypes, I am in- 
debied to the labors and genius of John Quincy Adams, as embodied in his Report. 

* The differerice would be accounted for by a difference in the length of the 
foot of +}35 of an inch. 
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The gallon of wine, therefore, which in 1266 weighed eight 
commercial and ten sterling pounds, was the exact eighth part 
of a cubic foot, and was contained in a cubical vessel of six 
inches on a side, as the pound of wine was in one of three inches 
onaside. This gallon contained exactly 216 cubic inches; and 
the corn-gallon of the same period 270 cubic inches; and the 
bushel, which was eight corn-gallons by measure, and eight 
wine-gallons by weight, 2,160 cubic inches; and the quarter of 
eight bushels, 10 cubic feet. 

In order to prove that this relationship of the unit of length 
to those of weight and capacity was an intentional one, and not 
a mere coincidence, we must look still farther back, to the 
Romans, from whom, in the time of the empire, the English had 
their weights and measures. Here, again, we find two units of 
weight, the /ébra and the librarius, related to each other as 3 to 
4, and of twelve and sixteen wncie, respectively ; the unit of 
liquid measure, the congius, corresponding with our wine-gal- 
lon, was defined as equal to 10 “brew (as the old English gallon 
was to 10 sterling, and our gallon to about 10 troy pounds) of 
water or wine ; the unit of dry measure, the modius, correspond- 
ing with our peck, was equal to 16 dibrarii of wheat. Eight 
congit were an amphora, which was also called a guadrantal, 
and defined as 80 Jibrw of water or wine. Now quadrantal is 
the Latin for cube, and the measure cubed to make the amphora 
was the Roman foot. This custom undoubtedly arose from the 
measure of shipping, the amphora being always used to express 
the burden of a ship. 

“The same combinations are traced with equal certainty to 
the Greeks and Egyptians ; and if the shekel of Abraham was 
the same as that of his descendants, the avoirdupois ounce may, 
like the cubit, have originated before the flood.” 

But it would be beside our present purpose to follow Mr. 
Adams in his researches in ancient metrologies ; it will suffice 
to quote his conclusions. “This system of weights and meas- 
ures has been, by many of the modern English writers on the 
subject, supposed to have been established by the statute of 1266. 
But upon the face of the statute itself it is a mere exemplifica- 
tion of ancient ordinances. The coincidences in its composition 
with those of the ancient Romans, proved by the letter of the 


* See the note at the end of this paper. 
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Silian law, and by the still existing congius of Vespasian; with 
those of the Greeks, as described by Galen, and as shown by 
the proportions between their scale weight and their metrical] 
weight; and with that of the Hebrews, as described in the 
prophecy of Ezekiel; show that its origin is traceable to 
Egypt and Babylon, and there vanishes in the darkness of 
antiquity. As founded upon the identity of nummulary weights 
and silver coins, and upon the relative proportion between the 
gravity and extension of the first articles of human traffic, corn 
and wine, it is supposed to have originated in the nature and 
relations of social man, and of things.” 

This system, then, whenever and however it originated, has 
survived the critical scrutiny of the Egyptians, the most ancient 
of civilized nations ; of the Greeks, the most philosophic; of 
the Romans, the most logical; and of the Anglo-Saxons, the 
most progressive. Nay, it has not only survived but has sup- 
planted other systems, has spread all over Europe, to the Scan- 
dinavians on the north and the Slavs on the east. It, and it 
alone, has shown itself fitted in its essential principles, to be 
extended “to all peoples and all times.” The French system 
has not produced, but driven out, uniformity. It is true that 
every provincial town, almost, of the Continent had its separate 
pound, foot, and quart or peck; but the fact that all had these 
measures, of values not very different from each other, is a 
sufficient indication of what a proper comprehension of the sub- 
ject, aided with a little legislation, might have done. The ele- 
ments of uniformity were all there, and needed but to be called 
to order. 

But to return to our historical survey. As ships increased in 
size, larger measures became necessary, and hence arose the 
tun or ton, unknown to the Romans, but like the amphora origi- 
nally a measure of cubical capacity, and afterward turned into 
a weight. The tun was undoubtedly formed by doubling and 
redoubling the lesser measures; thus the hogshead of wine, 
corresponding with the quarter of wheat, was of 64 gallons; two 
hogsheads were a pipe, and two pipes a tun. The tun, there- 
fore, was originally a measure of 256 gallons, or 32 cubic feet, 
and was the volume of 2,048 commercial pounds of wine.* This 


* The fact that 32 cubic feet of water are now so uearly equal to our ton of 
2,000 pounds avoirdupois is a result of three separate chariges affecting each of 
the quantities italicized. The present pound, being . heavier than the old 
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must, however, have been early changed to a lesser number, for 
a statute of 1423 declares that “ o/ old time it was ordained that 

a tun of wine [should be] 252 gallons,” no doubt to ac- 
commodate it more exactly to the then size of the casks, which, 
then as now, had an irrepressible tendency to dwindle in size. 
This was the change which first brought discord into the sys- 
tem; for as the tun still continued to be reckoned at 32 cubic 
feet, it made the wine-gallon consist of 219.43 cubic inches ; 
taking now the more exact ratio of the weight of wheat and wine, 
143 to 175, the corn-gallon weighed against it would be 268.53 
cubic inches, eight of which are 2148.25 cubic inches, practi- 
cally the Winchester bushel. 

A series of similar legislative mistakes produced the Win- 
chester gallon, along with the other multifarious gallons, bush- 
els, etc., which till within a few decades were in legal use. The 
confusion was largely increased by the introduction, during the 
fourteenth century, by continental traders and immigrant mer- 
chants, of the troy and avoirdupois pounds, both of which were 
heavier than the older units, and which superseded and were 
mistaken for the latter. Passing over this period, however, and 
the separate mistakes which produced each value, the first step 
of importance looking toward a restoration of uniformity was 
that taken by the Royal Society in 1736, when a movement was 
instituted to reduce the various measures to a single standard. 
The movement was renewed in 1742, and resulted, after a delay 
of some years, in the selection, by the Weights and Measures 
Committee of the House of Commons, of a prominent optician, 
named Bird, to whom was entrusted the construction of a stand- 
ard yard which should most nearly represent the previous 
standards, all of which were gathered together for the purpose 
from all parts of the kingdom. This standard yard, an excellent 
specimen of workmanship, was completed in 1760. A standard 
troy pound had also been completed in 1758. Neither were, 
however, ever formally adopted by law as the legal standards. 
From these standards all others in Great Britain and this coun- 
try have been derived. 


pound, gave wine a weight of 61.9, and water a weight of 62.4 pounds per cubie 
foot. Had this been 62.5, we should have had exactly 82 cubic feet in 2,000 
pounds. But that 62.5 pounds should, by our present subdivision, be just 1,000 


ounces is altogether a numerical] accident, and formed no part of the original 
design, 
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The next action (bating a determination of the density of 
water and the length of the pendulum by Sir Geo. Shuckburgh 
in 1798) was not taken till 1814, when Sir John Wrottesley 
brought the decimal system of weights, measures and coinage 
to the notice of Parliament, and a commission was appointed 
to investigate the subject with a view to establishing a national 
standard, and a similar commission was appointed in 1819. It 
was at this time that the Government, foreseeing the necessity 
of deciding at once, if at all, whether any and what radical 
changes could be made in the existing system for the benefit of 
the public, undertook thus early to investigate the merits of a 
decimal scale of division. Their first report, signed by all the 
Commissioners, including Dr. Thos. Young, Dr. Wm. H. Wollas- 
ton and Capt. Henry Kater,” was in 1819, and the conclusions 
set forth are adverse to the decimal scale, as follows : 

“The subdivisions of weights and measures at present em- 
ployed in this country appear to be far more convenient for 
practical purposes than the decimal scale, which might perhaps 
be preferred by some persons, for making calculations with 
quantities already determined. But the power of expressing 
one-third, one-fourth, one-sixth of a foot in inches without a 
fraction is a peculiar advantage of the duodecimal scale,” ete. 

The report of this commission was accepted and followed up 
by decisive action by the Government. In 1824 an act was 
passed establishing an Imperial System, and abolishing all pre- 
viously existing standards. A new standard yard was prepared, 
copied from that of 1760, and also a new standard troy pound 
copied from that of 1758. It was by this act that the imperial 
standard gallon was defined as the volume of ten avoirdupois 
pounds weight of water, in the latitude of London, at 62° Fahr. 
and 30 inches pressure ; and the bushel to be equal to eight gal- 
lons. Elaborate measurements were also made by Young, Wol- 
laston and Kater on the length of the seconds pendulum and 
the density of water, for comparison with the yard and pound; 
the inch was declared to be the 354353 part of the length of the 
seconds pendulum, and the cubic inch of distilled water at 62° 
Fahr. and 30 inches pressure to weigh 252.458 grains, of which 
5,760 made the troy, and 7,000 the avoirdupois pound. This 


* The other three commissioners were Jos. Banks, George Clerk and Davies 
Gilbert. 
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act took effect on January 1, 1826, and was followed by another 
one in 1835, still further consolidating the Imperial System. 

But the British scientists committed the same error as the 
French had before them ; for when the time came to carry out 
the rules so carefully and laboriously established, it was found 
to be impracticable. This was in 1834, when both houses of 
Parliament were destroyed by fire, and with them the standards 
so carefully prepared only ten years before. 

Among the earliest steps taken to repair the loss of the stand- 
ards was the appointment in 1838, by the Chancellor of the 
Exchequer, Lord Monteagle, of a Preliminary Commission to 
consider and report on the proper mode of restoration. This 
Commission almost rivalled that of France of 1790, in the illus- 
trious names numbered on its roll; they were Airy, Baily, 
Herschel, Lubbock, Peacock, Sir J. 8. Lefevre, Mr. D. Bethune 
and Rev. R. Sheepshanks, of which the first-named was chair- 
man. 

They made a full and careful report about the close of 1841; 
in which they declared their opinion that the several elements 
of reduction of the pendulum experiments of 1824 were doubtful 
or erroneous, and that therefore a repetition of them would not 
necessarily reproduce the standard yard. It appeared also that 
the determination of the density of water, on which rested the 
standard pound, could not be made with a greater accuracy 
than ;s';7 part; whereas an accuracy a hundred or even a 
thousand times as great was nothing uncommon in the opera- 
tion of weighing. These methods, then, were, as in the case of 
the French standards, formally abandoned, and resort had to a 
careful comparison with the still existing copies of the old 
standards. 

This Preliminary Commission, besides these recommenda- 
tions, also gave careful consideration to the entire subject of 
weights and measures, and particularly to the decimal system. 
They recommended, however, that no change should be made in 
the standards, with the single exception that the avoirdupois 
pound should be substituted for the troy, as being that in more 
general use. But though they did not favorably notice the in- 
troduction of the decimal system for weights and measures, 
they spoke strongly in favor of an early adoption by the 
Government of a decimal coinage. 

Although the subject of decimal coinage had been noticed 
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first in Parliament by Lord Wrottesley in 1814, and again in 
1824, in 1832 by Mr. Babbage, and in 1834 by General Pasley, 
yet as this document first called public attention to the subject, 
it may be called the opening gun of a campaign which raged 
hotly in England for the eighteen years following; and as the 
subject of decimal coinage had far the largest share of the deci- 
mal discussion, it will not be without interest to include it in . 
our general survey. It is first necessary to remark, however, 
that in course of time the decimal coinage question became, as 
it properly is, almost entirely separated from the decimal ques- 
tion in general. 

The advisability of a decimal coinage being assented to, the 
next thing to be considered was the particular scheme to be 
adopted. There were a dozen or more schemes proposed, each 
numbering its own adherents and advantages, the chief of which 
usually claimed was the least possible change from the existing 
system. Thus, first of all there was the “pound and mil 
scheme,” which retained the pound as the unit, and reduced 
the farthing from 4}5 to 7759 of a pound, to be known as a 
mil. The integrity of the crown, shilling, and sixpence would 
thus be preserved, while the smaller coins would be obliterated. 
Then there was the “ penny scheme,” which decimalized upward 
from the penny, obliterating all other coins. The “farthing 
scheme,” the “shilling scheme,” and the “ducat (=10s.) scheme,” 
were similarly named from the coin retained as a base. The 
“ florin scheme ” made the two-shilling piece the base, while the 
“ dollar scheme ” proposed either to make the four-shilling piece 
the base, or to sweep away the existing system in toto, and to 
replace it by that of the United States; and soon. Each scheme 
was also subdivided into subordinate plans, according to the 
taste of different advocates. 

The only one of these, however, which ever obtained a formal 
recognition by a governmental commission was the “pound and 
mil scheme ;” which was, in effect, that first proposed by Lord 
Wrottesley in 1824, and that approved by the commission of 
1841. Still, nothing was actually done to carry out their recom- 
mendations. But, in 1843, a new commission was appointed, 
consisting of the six remaining members of that of 1838 (Sir F. 
Baily and Mr. Bethune were dead), and adding four others, 
including the Earl of Rosse and the younger Lord Wrottesley. 
This commission recommended and partially carried out the 
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‘ decisions of their predecessors, and in 1847, on motion of Dr. 
John Bowring, the first step was taken by the coinage of a new 
two-shilling piece, which was denominated a florin, and bore on 
its face the words “ one tenth of a pound.” 

But this step was really of no importance in the progress of 
the change. It was the second step, the coinage of the cent, 
which would disagree with all existing coins, that was irre- 
vocable. It was postponed, therefore, until 1853, when, upon 
a rumor of a large emission of new copper coinage, a majority 
of the last commission wrote a formal letter to Mr. Gladstone, 
then Chancellor of the Exchequer, urging that, before anything 
was done on the proposed coinage, the decimal system should 
be carefully considered; in response to which Mr. Gladstone, 
while expressing high esteem for the merits of the proposed 
decimalization, yet, with a view to a more exhaustive and 
thorough investigation than had yet been undertaken, begged 
for the appointment of a select committee on the subject. 

A committee of sixteen was now appointed, composed this 
time, not of scientists, but chiefly of prominent business men, 
merchants and financiers, and with power to send for persons, 
papers and records. They reported in four months, appending 
a large mass of evidence from twenty-five witnesses, several of 
whom were men of great eminence. Every one of these wit- 
nesses agreed as to the advisability of a change, and, what was 
even more remarkable, they were equally unanimous as to the 
particular scheme to be substituted. The verdict of the report 
was, then, the reaffirmation of the pound and mil scheme, 
already thrice recommended to Parliament; at the same time, 
however, advising the necessity of extreme caution in a matter 
of such great moment. 

The public effect of this document was electrical. Friends, 
foes, and neutrals were aroused to interest. ‘Upon no topic 
of public interest in England,” says a writer of the period,” 
“have been so widely opened the flood-gates of essayism and 
dissertation ; friendly inventiveness grew fertile in succedanea, 
as if the merit of the system depended upon a capacity for 
multiform modification; while, on the other hand, hostile criti- 
cism was not silent, but rung the changes on the few but plau- 
sible motives that summoned defenders for the existing order of 
things. In fact, it appeared as if, for the first time, those con- 


 Banker’s Magazine, N. Y., Vol. XV., p. 139. 
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cerned in the defence considered the crisis to be at all serious.” 
As the discussion continued, the friends of the change, though 
at variance on every point of method, consolidated themselves 
into the Decimal Association, headed by Mr. James Yates, 
M. I. C. E.; Professor A. de Morgan, the mathematician, was 
also a prominent leader of the movement. This was in 1854. 

Nothing farther was done, however, till 1855, when a member 
of the Committee of 1853 presented resolutions in the House 
of Commons; first, on the eminent success of the florin, and, 
secondly, requesting the Government for the completion of the 
decimal scale; the former was carried, but the latter, upon 
strong resistance by the Government members, was finally with- 
drawn upon assurance of more profound and wider investiga- 
tions. A Royal Commission was, in fact, shortly afterward 
appointed, headed by Lord Monteagle, one of the earliest and 
warmest friends of decimal coinage; while on the other side 
was Lord Overstone (senior member of Jones, Loyd & Co.), 
who was believed to be an opponent of the change; and in the 
middle ground was Mr. J. G. Hubbard, M.P., Governor of the 
Bank of England, who retained his impartiality to the end. 
Undoubtedly this was one of the ablest commissions ever 
appointed by Great Britain for any subject; and they exam- 
ined the subject more exhaustively than it was ever examined 
before, or has been since. At the end of two years, in April, 
1857, their preliminary report was handed in, containing, 
besides the evidence of seven witnesses, an appendix of 250 
pages, of which 150 contained the answers to circular letters 
of inquiry sent by the Commission to individuals in various 
foreign countries. 7 

The final report of the Commission was completed just two 
years later, April 5, 1859, and the final result of these many 
years of diligent and laborious research—most characteristic 
of the British nation—is indeed a curiosity. Though the advo- 
cates of the decimal coinage fought, one may say, with the 
energy of despair, and with that fertility of invention which is 
born of necessity, it became evident, long before the conclusion 
was reached, on which side it would fall; and the chairman, 
Lord Monteagle, resigned from the Commission before the 
report was drawn up. Its conclusions were twelve in number, 
the most important of which are as follows: 1. Other countries 
having a decimal coinage afford no example for Great Britain. 
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9. The inclination to it in Great Britain, is not unanimous. 
3. It is very difficult to come to any useful conclusion as to the 
merits of the decimal principle in the abstract. 6. Paper 
calculations are better performed by decimals; but as to how 
much better, there may be a difference of opinion. 7. Mental 
calculations are easier under the existing system. 12. While 
the weights and measures remain as at present, it is unadvisable 
to make any partial change in coinage alone.” 

These twelve conclusions, with a page of introductory matter, 
complete the whole of this curious document; but it is followed 
by forty pages of a draft report by Lord Overstone; forty more 
in smaller type prepared by one of the witnesses; eight pages 
of a memorandum by Mr. Hubbard; eight pages (in small type) 
of further remarks by the Secretary; and finally a second ap- 
pendix containing minutes of evidence produced, etc., ete. 

By this report the question of decimal coinage in Great 
‘Britain was finally and permanently shelved; the discussion, 
and the public interest in the subject, died away; and no action 
has been taken by the Government since. The interest had 
been intensified by the appointment, by the United States in 
1857, of a Commissioner to confer with Great Britain with 
regard to the assimilation of the currency of the two countries ; 
but this idea, too, was finally dropped from lack of interest. 
Nay, the delegates of Great Britain to the International Mone- 
tary Conference at Paris in 1867 refused even to negotiate in 
reference to unity of coinage, affirming that “until it should be 
incontestably demonstrated that the adoption of a new system 
offered superior advantages . . . the British Government 
could not take the initiative in assimilating its money with that 
of the Continent.” 

Let us now return to the restoration of the lost standards, a 
task which had been assigned to the Standards Commission of 
1843, whose report as regards the decimal system has already 
been discussed. This Commission carried out the methods 
recommended by the Preliminary Committee of 1838, and for a 
detailed account of the operations, which occupied about eleven 
years, my readers are referred to the able treatise on the subject 
by Mr. H. W. Chisholm The magnitude of the operations may 
be estimated from the fact that, in the case of the standard of 


“<The Science of Weighing and Measuring.” Macmillan, 1877. 
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length, the number of micrometer readings for all the compari- 
sons exceeded 200,000; and, among other things, it was found 
necessary to construct an entirely new system of thermometers. 
The credit of this portion of the work (construction of the yard) 
is largely due to Mr. Sheepshanks ; and it should not be forgot- 
ten that the scientific gentlemen who devoted so much of their 
valuable time, attention and labor to so important an object, 
declined to accept any pecuniary remuneration. The two pri- 
mary standards, with a number of copies, were completed in 
1855, and in the final report recommended for adoption. And it 
is here to be noted, that the committee particularly recom- 
mended that the rules established in 1824 for the definition of 
the yard as a portion of the pendulum, or a given portion of a 
meridional are, should be repealed, and that the standards should 
in no way be defined by reference to any natural basis ; experience 
having proved that, in the present state of science, such defini- 
tions were wholly visionary and impracticable. The new stand- 
ards were accepted, and all the recommendations adopted, in the 
same year; and these are to-day the standards of the English- 
speaking world. The same Act of 1855 provided also for new 
and important duties of the Standards Department. 

In 1862 a new Select Committee was appointed by Parliament 
to consider the practicability of adopting a simple and uniform 
system of weights and measures. This committee reported, the 
same year, in favor of the metric system as that most perfectly 
fulfilling these conditions, of any then in use; and they accord- 
ingly recommended its adoption, with this proviso, “that no 
compulsory measures shall be resorted to until they are sanc- 
tioned by the general conviction of the public.” The metric 
system was formally legalized in Great Britain by an act of 
1864. 

In 1866 a new act was passed,,in which the Standards Com- 
mission was reappointed as a Royal Commission (headed, as 
before, by Sir G. B. Airy, and including eight members) to con- 
sider and report on the condition of the standards, and the sub- 
ject of weights and measures in general. They presented, be- 
tween 1868 and 1871, five comprehensive reports, containing 
many important recommendations ; of which the second report 
related particularly to the introduction of the metric system. 
They recommended the substitution of the metric weight for troy 
weight in the mint, its permissive use in customs and other 


| 
! 
4 
| 
4 
| 
| 
| 
| 
| 
{ 
i] 
i 
| 
: 


THE METRIC VERSUS THE DUODECIMAL SYSTEM. 527 


places, and its general encouragement; but that in no case 
should compulsion be used ; believing that the owners of facto- 
ries, and others who might desire to use it, could arrange such 
matters without legislative assistance. 

These recommendations were carried out by the important 
Weights and Measures Consolidation Act of 1878. This act 
reaffirmed the existing standards ; but the number of denomina- 
tions was reduced, the troy pound finally abolished, and all 
distinction between dry and liquid measure rejected; at the 
same time the cental of 100 pounds was sanctioned for grain 
dealings, and the metric weights and measures again made per- 
missive, and a table appended defining their legal equivalents in 
imperial denominations. This is the last important step to be 
recorded on the subject of weights and measures in Great 
Britain; although there yet remains the Select Committee 
appointed by the House of Commons on February 13, 1895, “to 
inquire whether any and what changes in the present system of 
weights and measures should be adopted.” This Committee 
was composed of seventeen members of Parliament, with Sir 
Henry Roscoe as their chairman ; they reported on July 1, 1895, 
recommending that the metric system should be at once ren- 
dered legal for all purposes of trade and manufacture (a proposi- 
tion which had already been fulfilled by two separate acts of 
Parliament), and, further, that within a space of two years, the 
metric system should be adopted as the only legal system. In 
regard to this extraordinary recommendation, it is only neces- 
sary to observe here, that it is in utter opposition to the report 
of any previous committee ; and that the remarkable agreement 
of the testimony of all the numerous witnesses before the Com- 
mittee, with a single exception, seems, as in the case of the 
Committee on Coinage of 1853, to point to something like a fore- 
gone conclusion. 

The most casual glance at the history of weights and measures 
in Great Britain can hardly fail to reveal the striking contrast 
with that in France—the same, indeed, which presents itself in 
their political history. It has been well said by a historical 
writer that while reform,—the gradual improvement of the 
existing order of things,—has been the watchword of the Eng- 
lish nation, in France the people have been able to effect 
changes only by revolution. In the one country, we see a 
series of convulsive and intermittent struggles culminating in 
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half a dozen abrupt changes in government, ranging from one 
extreme to another, in the course of a century, and nearly as 
many different constitutions; and similarly, with regard to 


- weights and measures, a few spasmodic and desperate efforts 


toward improvement, ‘followed by long periods of inaction. In 
England, on the contrary, the long deliberation and the slow, 
often cumbrous, yet constant movements of the governmental 
machinery have resulted in more real progress in the science 
and art of government than has been attained by any nation in 
Europe, if not in the world. While other nations, anxious to 
gain perfection at a stride, have hurried from one expedient to 
another, the steady plodding of the Anglo-Saxon race has placed 
them far in the lead among commercial nations; and rendered 
it self-evident that, so far as language is concerned, notwithstand- 
ing any theoretical advantages which others may claim, and the 
scorn which may be offered to.its uncouth spelling and illogical 
pronunciation, if any one language is ever destined to supplant 
all others, the English must be the one. And if the same 
supremacy which has followed the English language and other 
institutions does not follow also their system of weighing and 
measuring, it is at least much too early to predict it of any 
other. 

At the same time we obtain, from the preceding paragraphs, an 
insight into the probability that Great Britain should ever 
make, by forcible measures, so radical a change as is implied in 
the adoption of the metric or a similar system to the exclusion 
of her own. We see on two separate occasions (1824 and 1878), 
when such a change had been importunately brought to her 
notice, that after many years of impartial and exhaustive inves- 
tigation, she has emphatically chosen the alternative. We see. 
that commission after commission of the ablest men in the 
kingdom appointed for the purpose have, with a single excep- 
tion, offered grave doubts as to its practicability or advisability ; 
and none, except the last (whose deliberations lasted but four 
months), have even favorably mentioned compulsory measures. 
We see that, even in respect of decimal coinage,—where the 
advantages of decimalization are universally acknowledged to 
be more decisive than elsewhere,—after a life-and-death strug- 
gle of eighteen years between the two systems, the decimal 
system has been almost hopelessly defeated. The conclu- 
sion of which observations evidently is, that any hope of such 
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action in regard to the metric system as has been raised by its 
enthusiastic advocates, is perfectly visionary ; and those who, in 
the face of all this, still indulge it, signally fail to read the 
meaning of history, and to understand the springs of human 
action. For the action of any nation as a whole is a product of 
the opinions and preferences, of the mental and physical con- 
stitution of the individuals who compose it ; and it would be as 
easy to alter character, as that the current of history should be 
so completely turned back, as is implied by such suggestions. 


United States. 


The history of weights and measures in this country is short 
and simple. The Americans, first to appreciate and to adopt 
the decimal system for coinage, have always, when the subject 
of weights and measures has been brought to their attention, 
felt so overwhelmed by its magnitude and difficulties, that they 
have never felt able to take any important positive action. It is 
considerably to our reproach as a nation that, instead of, like 
England, courageously meeting a problem of increasing impor- 
tance that would not down, we have always shirked and post- 
poned it. But on the other hand, it is much to our credit that 
the laxity of the Government has been largely compensated by 
the energy of private enterprise. 

The problem of the coinage has, in the United States as in 
England, been considered as a subject by itself; more especially 
so, as it was one of the first on which the confederate Congress 
was called upon to decide. The United States were then with- 
out national currency, and started, practically, with a clean 
slate. The system which we use to-day was therefore adopted, 
by one of the first national laws, July 6, 1785; and this cur- 
rency was first coined in 1792. 

But the system of weights and measures was in a far different 
position from the coinage ; for while the nation could not control 
the different units of the former by exclusive issue, as in the 
case of the coinage, the problem involved was far more intricate. 
Nevertheless it was a subject of some concern to Washington ; 
who, though he did not recommend any particular system, repeat- 
edly urged upon Congress the necessity of uniformity. It was 
noticed in his earliest message to Congress, and again in his 
first annual message of 1790. In accordance with these recom- 
34 
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mendations, the first Congress, in January, 1790, requested the 


Secretary of State, Mr. Jefferson, to prepare plans for establish- 
ing the desired uniformity. The report, July 15, 1790, offered 
two alternatives ; one of which was the consolidation of the 
existing system by reducing the various bases of length, weight 
and capacity to easy and convenient ratios and abolishing par- 
allel systems, such as liquid and dry measure, troy and avoirdu- 
pois weight, etc. ; the other proposed an entirely new system, in 
which every branch was reduced to the decimal ratio. Both 
systems were based upon a standard of length equal to that of 
a uniform cylindrical rod of iron vibrating seconds, ‘.e., a little 
less than five feet. 

About this time, however, news came of the action of France, 
and a committee was appointed by the Senate to take it into 
consideration. This committee reported in March, 1791, and 
the result of their deliberations was that, in view of the univer- 
sal system already proposed to be established in France, it 
would be unwise at that time to make any alterations in the 
existing system. But in the fall of the same year, the Senate 
again appointed a committee to proceed in the investigation of 
Mr. Jefferson’s plans; and the Committee this time reported in 
favor of the second or decimal system. The report, however, 
was “laid on the table,” and never disposed of. 

The same thing was repeated in 1796, this time in the House, 
a committee of which reported on April 12, recommending a 
plan in general conformity with the first of Mr. Jefferson’s; and 
to this end a bill was introduced providing for experiments on 
the length of the pendulum rod ; but on the third reading in the 
Senate it was postponed till the next session, and so lost. 

During the next twenty years several committees of Congress 
were appointed, but without result. It was not till 1817, when, 


_ the subject being again urged upon Congress by President Madi- 


son, the Senate referred it to the Secretary of State (afterwards 
President), John Quincy Adams, to prepare and report to them 
“a statement relative to the regulations and standards for 
weights and measures in the several States, and relative to pro- 
ceedings in foreign countries for establishing uniformity. in 
weights and measures, together with such propositions relative 
thereto as may be proper to be adopted in the United States.” 
Two years later, a House committee appointed for the pur- 
pose, on January 25, 1819, presented a report, in which they 
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again recommended Mr. Jefferson’s first, plan, together with 
important new recommendations regarding the establishing, pres- 
ervation, and distribution of standards; and offering resolu- 
tions for the establishment of a commission for the purpose. 
Again, however, no action was taken on the subject; but in the 
following session, on December 14, 1819, the House passed a 
similar resolution to that of the Senate in 1817, the report of 
Mr. Adams having not yet appeared. 

The celebrated document which resulted from these resolu- 
tions, and so often quoted in this paper, did not, in fact, appear 
until February 22, 1821; but the delay was amply justified by 
its exhaustive and masterly character.” “He examined the 
whole subject,” says Professor Charles Davies, “‘ with the minute- 
ness and accuracy of mathematical science,—with the keen sagac- 
ity of statesmanship, and the profound wisdom of philosophy. 
To that report nothing can be added, and from it nothing can be 
taken away.” It is perhaps the most impartial document ever 
published on the subject ; so much so, indeed, that it is difficult 
to arrive at his exact conclusions as to the merits of the differ- 
ent courses open to the national legislature. He rather pointed 
out a way to reach a decision, leaving the latter to others. 
Nevertheless, the effect of this report was a clear and solemn 
warning against any ill-considered legislative tampering; and as 
to the metric system, though he has words of high praise for its 
theoretic beauty, such as the grandeur of the conception, and 
the blessings of a future international uniformity, yet it is clear 
that, hampered as it was by great and fundamental defects, and 
so radical a change presenting to his mind almost insuperable 
obstacles, he believed, whatever else might be done, that (to use 
his own words, p. 120) “were the authority of Congress unques- 
tionable to set aside the whole existing system of metrology, and 
introduce a new one, it is believed that the French system has not 
yet attained that perfection which would justify so extraordinary 
an effort of legislative power at this time.” The perfection to 
which he referred, and of which he had hopes, would, as is ° 
tolerably evident, have included first of all a relaxation of the 
decimal divisions—the idea which Napoleon had, perhaps, 
intended to carry out, and which had already been temporarily 


“The report contains 185 octavo pages of text, and nearly an equal number 
of a statistical appendix. 
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established by the Systéme Usuel of 1812. But these hopes have 
never been realized. 

The effect of this report on Congress was more profound even 
than Mr. Adams would have wished. It opened to their eyes 
the whole subject in all its enormous importance and endless 
ramifications ; and the result was—absolutely nothing. More 
than forty-five years passed before the next step was taken. 

Nevertheless, the indisposition of Congress has not acted 
unfavorably on the commerce of the country; for while every 
one was left free to use his own unit of length, weight or 
capacity, the growing industries of the United States have done 
for themselves better, probably, than the wisest of governments 
could have done for them: they have seen the necessity of 
uniformity and have established scales and standards which 
find their way to all parts of the world. At the same time the 
lack of positive action by Congress has been more than atoned 
for by the fact that we have tacitly followed the course of Great 
Britain, and so to-day preserve that international uniformity, 
which is of itself an incalculable blessing. 

Two acts, however, were passed during this period which 
might be called suggestions of an effort “to fix the standard of 
weights and measures,” though non-committal in character and 
designed for special uses. The first was the establishment, in 
1828, of a definite unit of weight (the troy pound) for use at 
the mint,—a condition which had become urgently necessary 
to a stable and uniform currency. The second was in 1836, 
and provided that a full set of copies of all the standards of 
weight and measure, which had been provided by the Treasury 
Department for use in the Customs Service, should be delivered 
.to the governor of each State. This was accordingly done. 

In 1863, by the request of the Secretary of the Treasury, the 
National Academy of Sciences appointed a committee to con- 
sider and report on the metric system. They reported in Jan- 
uary, 1866 (not quite unanimously), ‘“‘in favor of adopting, 
ultimately, a decimal system ; and, in their opinion, the metri- 
cal system of weights and measures, though not without defects, 
is, all things considered, the best in use.” They recommended 
to Congress the permissive adoption of the metric system ; and 
among other things the introduction of the system into the 
post-office by making the single letter rate 15 grammes instead 
of 3 oz. (= 14.17 g.). 
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The former of these recommendations was carried out shortly 
afterward, by an Act of Congress of July 28, 1866, which 
ordained that the metric system might be legally used in private 
or public; at the same time appending a table of equivalents ; 
along with a resolution instructing the Secretary of the Treas- 
ury to furnish each State with a set of standards. It is the 
custom of the metricists* to make a great deal of this law, 
which was, in fact, a mere declaration of the existence of that 
which already existed; their implication appearing to be, that 
since Congress has granted permission to use the metric system, 
it may therefore take away the permission to use the existing 
system.** They also say that by this law the length of the yard 
was determined in terms of the metre (although, in fact, it was 
the reverse) ; yet for all that, it is to be observed that the yard is 
no nearer to the 349° of the metre to-day than it had been in 
1865, but remains identical with that of Great Britain ; as also 
in the case of the pound. And it is a remarkable fact, that 
although the fifteen-gramme rate was enjoined upon the post- 
office a few years later, no notice whatever was taken of it by 
that department, so far as concerns domestic postage ; and our 
scales, official and private, remain to this day graduated in 
ounces, not in grammes. 

But although the law of 1866 established no new principles, 
it sufficed to draw public attention to the system; the first 
result of which was the inclusion, in practically all our arith- 
metics, from the time of the passage of the act, of the metric 
system with exercises. It has, then, been taught in our schools 
for the past thirty years. 

At the meeting of the University Convocation of the State of 
New York, at Albany, in the ‘summer of the same year (1866), 
the Hon. John A. Kasson, chairman of the House Committee 
on Coinage. Weights and Measures, called the attention of the 
members to the action of Congress, requesting such attention to 
the subject as might seem best. Accordingly, a committee was 
appointed, consisting of the Chancellor, J. V. L. Pruyn, Prof. 
Charles Davies, and Regent Robert S. Hale, to consider and 


“ Inveniam verbum aut faciam. I beg that, for brevity’s sake, I may be al- 
lowed the use of this word, which is of my own coinage. Its meaning is obvious. 

“A fair sample of metric impudence is the following (Hng. News, Feb. 5, 1876, 
p. 44): “It only remains for the law [of 1866] to be enforced to bring that 
[metric] system into use in the daily transactions of business.” 
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report “what measures, if any, the Convocation should adopt 
in regard to a uniform system of weights and measures.” “It 
‘seemed to be the unanimous opinion of the Committee,” says 
Professor Davies, “that a report would be made favorable to 
the introduction of the [metric| system into general use. On 
examination, however, it did not appear to the Committee . . . 
that the convocation should commit itself hastily.” But three 
years afterward, in 1869, the Committee made a partial report, 
and “explained, very fully, the changes which an examination 
of the subject had produced,” whereupon the Committee was 
discharged, and a new committee appointed, composed of Pro- 
fessor Davies, Mr. Hale, and Prof.J. B. Thomson.* This com- 
mittee made a very full report, in which, after discussing the 
various reasons, they declared their belief that the adoption of 
the metric system, without modifications, would be most unwise. 
They also recommended that, in order the better to acquaint 
the public with the merits of the case, their report, together 
with that of John Quincy Adams and a lecture of Sir John 
Herschel of a few years before (1863), should be reprinted and 
published in book form. Their recommendations were formally 
adopted by a vote of the Convocation, and the book ee 
by Professor Davies. 

In 1876, the Franklin Institute received from the Boston 
Society of Civil Engineers a circular letter requesting their 
cooperation in the presentation of a petition to Congress, for the 
purpose of procuring more positive legislation on the metric 
system. This letter was referred to a committee appointed for 
the purpose, consisting of Messrs. W. P. Tatham, chairman, 
Coleman Sellers and Robert Briggs. The report, handed in in 
May of the same year (signed by the first two members of the 
committee), after briefly reviewing the historical side of the 
question, puts forth the reasons why the metric system should 
not be adopted, whose forcible introduction it deprecates in the 
strongest manner. It is one of the most pronounced documents 
of the kind which has yet appeared. Mr. Briggs also handed in 
a minority report on the other side of the question. The former 
was adopted by a vote of the Board of Managers, and is printed 
in their Journal of June, 1876, p. 278. It was also reprinted by 
several technical journals here and abroad. 


* Prof. Thomson favored the metric system, and did not act with the Com- 
mittee. 
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In 1877, in response to a petition of the Boston Society of 
Civil Engineers, an important step was taken by Congress. 
This was to find out the merits of the proposed change from those 
for whose benefit it was to be made ; and though only a beginning, 
it was in the right direction, and, as it happened, all that was 
necessary in this case. A resolution was passed, November 6, 
requesting the heads of the executive departments “to report 
what objections, if any, there are to making obligatory in all 
governmental transactions the metrical system ;” and also “ to 
state what objections there are, if any, to making the metrical 
system obligatory in all transactions between individuals ; and 
what is the earliest date that can be set,” etc. This resolution 
brought forth 23 replies, of which 6 expressed opinions favorable 
to the introduction of the metric system, 10 views opposed to 
it (many of them strongly so), and 7 doubtful or indifferent. 
Of those favoring it only one advocated compulsory legislation, 
while several of the others offered objections. The period sug- 
gested as necessary for an obligatory change was variously given 
at 5, 20, 35 and 50 years.” 

The Secretary of State (Wm. M. Evarts) ventured to remark 
that “even in those countries, like France, where the system 
has been obligatory beyond the memory of the present genera- 
tion, the tradition of the old system clings among the people 
and defies complete eradication ; and that in other countries, 
like Spain . . . the innovation is practically disregarded 
by the people, and but partially conformed to by the govern- 
ment, which is compelled to recognize the validity of the old 
standards.”’ 

The Secretary of the Navy said that the change in that de- 
partment “ would probably involve a total loss of all charts and 
chart-plates now in use,” and moreover “ prevent that free use 
and interchange of charts which seems essential to navigators.” 

The objection of the Postmaster-General was “ founded on an 
apprehension that mistakes and annoyances, and possibly losses, 
would occur in the practical application ;” at the same time 
necessitating an entirely new set of scales for the whole country. 


“ Inasmuch as an account of this symposium has been published in a circular 
of the American Metrological Society,—in which it is made to appear that al/ 
replies, except two, were favorable to the proposed legislation (!)—it has been 
deemed proper to add brief extracts from some of them. They are given in full 
in Report No. 14, H. of R., 46th Cong., 1st session (1879). 
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In the War Department, the Inspector-General gave it as his 
judgment that “the compulsory change from the present system 
would be inexpedient, as involving a large outlay of money 
without adequate comparative results.” 

The Quartermaster-General said that it would very consider- 
ably increase the labors of computation, which would be a per- — 
fectly useless labor ; would infallibly be the source of many mis- 
takes ; and would necessitate throwing away all the scales and 
weights now divided according to the American standards, and 
substituting new ones. With regard to the obligatory provision 
he said, “I do not believe that this is within the power of Con- 
gress. It will be looked upon by the people as an arbitrary 
and unjust interference with their private business and indi- 
vidual rights, and I do not think that they will submit to it. It 
will inflict, if it can be enforced, a great loss upon many, es- 
pecially upon manufacturers and mechanics whose shops are 
filled with costly tools, standard gauges, dies and machines, all 
constructed upon the basis of the foot and inch. . . . To 
alter all this machinery, to change all these machines, gauges, 
dies, screws, and other parts of engines, will be the work of 
years ; it will cost millions of dollars. . . . The fact is, 
that the metre is quite as arbitrary and unscientific a standard 
as the foot and yard. It is of less convenient length than either 
of them, and its compulsory adoption would derange the titles 
and records of every farm and of every city and village lot in the 
United States ; would put every merchant, farmer, manufacturer 
and mechanic to an unnecessary expense and trouble ; and all, it 
seems to me, for the sake of indulging a fancy only, and a base- 
less fancy, of closet philosophers and mathematicians for a sci- 
entific basis of measures and weights which cannot be found in 
the French metric system.” Then, after giving a list of equiva- 
lents, he says, “ What will our farmers, citizens, merchants, 
tradesmen, mechanics, do with these figures? And will they 
submit to being obliged to reduce acres, feet, inches, pounds 
and ounces by multiplying or dividing by the above figures? 

The ciphers and figures 0.00000073 convey no idea 
to a mind trained in the English and American system, and yet 
such combinations are common in French works of science and 
mechanics.” 

The Surgeon-General urged strong objections against the 
adoption of the metric system by the Government only ; while 
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as to its general compulsory adoption he said: “If its advan- 
tages are so far counterbalanced by its disadvantages, that its 
use having been legalized, the people will not employ it of their 
own accord, its enforced introduction would be a great public 
wrong.” 

The Commissary-General declared that “even with the most 
thorough preparation, the change, when made, will bring with it 
almost inextricable confusion and well-nigh intolerable incon- 
venience.” 

The Paymaster-General, while fully favoring the eventual 
adoption of the metric system, uttered grave warnings against 
any untimely legislation. 

The Chief of Engineers remarked: “It is to be borne in mind 
that there is nothing in the proposed change which will in any 
way favorably affect the usual course of private business in this 
country, and that the demand for a change does not come from 
business men, but is made in furtherance of a project designed 
for the general public good in international intercourse.” 

The Secretary of the Treasury (John Sherman) was “of the 
opinion that it is not advisable to make the metrical system of 
_ weights and measures obligatory in any transactions at present. 

I think great confusion, many inconveniences and much 
litigation would arise from its hasty adoption. Congress _ 
properly, in any revision of the tariff, adopt this system ; 
but even this change would create some embarrassment, and is 
of doubtful utility.” 

The Superintendent of the Coast Survey reported: “It is 
certain that very few adults now living would ever become 
familiar with the merits of the metric system, but would retain 
the habit of reverting to the foot, the pound, and our other units, 
mentally, at least, even after the law had disfranchised the 
present units. The problem of a change of the kind proposed | 
in a great commercial, agricultural, and manufacturing country 
like our own is vastly more difficult than it would be in nations 
the larger portion of the inhabitants of which deal only in a 
limited manner with small quantities. The subject has been a 
matter of much thought to myself for several years, and the 
more I have heard it discussed the more convinced I have 
become that a matter so grafted into the daily habit and thought 
of the whole people can only be changed by, as it were, the 
slowest absorption, and that not less than thirty-five years will 


j 
| 
| 
{ 
: 


538 THE METRIC VERSUS THE DUODECIMAL SYSTEM. 


be required to effect even a semblance of a change, after the 
date of the law fixing a time when the new system shall be 
compulsory.” 

The Inspector of the Weights and Measures (J. E. Hilgard) 
replied, as regards the Coast Survey Department, that “the ex- 
clusive use of metric units would deprive the charts of much of 
their usefulness; . . . the result would be that every one. 
would use the British reproduction of the same.” As regards 
customs, “ to require invoices in the customary units to be trans- 
formed into metric units, as would be implied by the ‘ obligatory’ 
use of the latter, appears to serve no useful purpose except that 
of propagating the metric system to the great inconvenience of 
everybody concerned. . . . Until all nations use the same 
language and the same money, but little is gained in the way of 
unification of values by making the units of weight and dimension 
alike.” After giving some trenchant examples, he ‘proceeds: 
“Tt is indeed difficult to see how an obligatory statute could be 
executed in this country. We would hardly undertake to sup- 
press the use of the inch, pound, and gallon by penalties, as has 
been done under the parentally despotic governments of Europe, 
where, as in Prussia, fine and imprisonment followed the posses- 
sion of the old standards, It may even be considered doubtful 
whether the legal mind of the country would approve a statute 
decreeing that only contracts made in terms of the new standards 
could be enforced by the courts, since it would violate the principle 
that any agreement made in good faith can be maintained at law, a 
principle far more important than conformity in weights and 
measures with other nations.” (Italics mine.) After discussing 
the matter in detail, he concludes, “It is the foregoing and simi- 
lar considerations which lead the undersigned to doubt whether 
the international units of measure will ever wholly take the place 
of all others in our domestic transactions.” 

The Department of the Interior is no less pronounced. From 
a detailed analysis of the effects and practicability of the change 
in land measurement, the Commissioner of the Land Office con- 
cludes that “ the effect will be to increase its labors and expenses, 
and to cause great inconvenience to the public for many years to 
come, and these embarrassments seem to be unbalanced by any 
corresponding advantage.” The Commissioner of Patents, also, 
finds the change sufficiently difficult in general, “but for real 
estate transactions impracticable and not to be considered.” 
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“The existing law,” he says, “ makes the use of the metric system 
permissible. Those who find it to their advantage do and will 
employ it. But I would not advise legislation further.” As 
regards the intrinsic merits of the metric system: ‘“‘ The mind 
does not readily vault over the wide intervals that the decimal 
system demands. Hence, while from the nature of numerical 
notation the use of a decimal system facilitates calculation, its 
advantages over others in all practical operations are subject to 
question, and until these advantages have been most emphatically 
demonstrated, I should be slow to recommend that the use of the 
metric system be made obligatory upon the American people. 
Our commercial transactions, other than domestic, must always 
be largely with other English-speaking people who use the same 
systems with ourselves, and I cannot believe it advantageous to 
make such a radical change as this resolution suggests, except 
with the concurrence and concerted action of Great Britain and 
her colonies.” 

These recommendations of the executive have served to put an 
effectual quietus on any further action by Congress, which has 
lasted up to the present time. The silence was broken, so to 
speak, only by the occasional presentation of somebody’s bill for 
a compulsory law, some petition or memorial, and by frequent 
reports of the standing Committee of the House on Coinage, 
Weights and Measures,—reports which have been always favorable 
to the metric system and always couched in a partisan spirit.“’ 
Our national legislature has never been permitted by its commit- 
tee to see more than one face of the subject of weights and 
measures; the other (as we often find it necessary to do in the 
education of the young) has been studiously suppressed, with 
the usual good intention. Meanwhile our own system of weigh- 
ing and measuring has been left to take care of itself, and the 
Committee have endeavored not to remove, but to heap ridicule 
on its defects, and thus not to ameliorate, but to discredit, the 
whole system. 

In 1890 Secretary of State Blaine asked the favorable attention 
of Congress to the resolution of the Pan-American Congress in 
favor of the metric system, asking that it be used in the customs 


“ This committee has even favorably discussed an alteration of our system of 
coinage ; not because it is inconvenient, but because it is “‘ unscientific ;” that 
is, because, forseoth, the weight of gold which its unit contains is not exactly 
equal to a round number of French ‘‘ grammes” ! 
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service. The Secretaries of the Treasury in 1890, 1891 and 1892 

made the same recommendation in their annual reports; and in 
1893 the Secretary of the Treasury issued a bulletin announcing 
that the metre and kilogramme standards which were the work 
of the International Bureau (p. 545), would be regarded by the 
office as the fundamental standards. In 1895 Congressman (now 
Postmaster-General) Wilson introduced and carried in Congress a 
resolution constituting the Secretary of the Treasury, the Director 
of the Mint and the Superintendent of the Coast and Geodetic 
Survey a Commission to inquire into the metric system and report 
at the following session. They did not report, but wrote letters 
to the Committee on Coinage, Weights and Measures in its favor ; 
so also did the Supervising Surgeon-General of the Marine Hos- 
pital Service and the Chief Clerk of the Bureau of Statistics, of 
the same department, the Secretary of Agriculture, the Postmas- 
ter-General, and the Director of the Bureau of American Repub- 
lics. The Secretary of the Interior replied to the Committee in 
opposition to any adoption of the metric system, and the Director 
of the Geological Survey and Commissioner of the General Land 
Office favored only a limited application. These letters are ap- 
pended to the Report of the Hearing before the Committee, of 
January 30,1896. No replies from the other departments are given. 

There is nothing further of importance to record (except what 
will be discussed in the next section) in the American history of 
the subject; but I must be allowed to mention briefly the action 
in Congress during the last session, not only because it was the 
original occasion of the present paper, but because it has an 
important bearing on events which may presently transpire. 

On December 26 last, a bill was introduced into the House of 
Representatives for “legalizing ” the metric system (or rather for 
disfranchising that now in use), and was referred to the Commit- 
tee on Coinage, Weights and Measures. The latter reported on 
March 16, submitting a substitute bill, together with the usual 
recommendations on the subject. The new bill (practically the 
same as the old) provided, essentially : 

“1. That from and after the first day of July, 1898, all the De- 
partments of the Government of the United States, in transaction 
of all business requiring the use of weight and measurement, ex- 
cept in completing the survey of the public lands, shall employ 
and use only the weights and measures of the metric system. 

“2. That from and after the first day of January, 1901, the 
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metric system of weights and measures shall be the only legal 
system of weights and measures recognized in the United States.” 

This bill was debated on April 7, its original promoter and the 
chairman of the House Committee speaking for it, and members 
from New York, New Jersey, Virginia and Illinois speaking in 
opposition ; and on April 8 it vas recommitted, with an amend- 
ment, to the same committee, where it still remains, to be 
brought forward again at the present session. It should be added, 
however, that just before the close of the last, a resolution was 
introduced in the Senate, for collecting and printing “for the use 
of the Senate all obtainable information on the subject of a metric 
system of weights and measures,” which resolution was referred 
to the Committee on Printing. 

A number of technical bodies have expressed their opinions on 
the metrical system, some one way, some another; these will be 
referred to later on. Of petitions, memorials, etc., which are on 
hand ad libitum the year round, for any cause with a semblance 
of merit, I need not speak at length. 


Progress of the Metric System. 


This is a subject so often brought to our notice as almost to 
seem trite. I need not dwell long on its details. The list of coun- 
tries which use, or are supposed to use, the metric system, we 
know almost by heart; as well as those that do not, for they are 
conspicuous by their absence. . 

The Low Countries, which were early identified in their for- 
tunes with France and each other, scarcely need separate men- 
tion. Of these, Belgium was a part of the French Republic from 
1792, and shared her fortunes, metrical and otherwise, under the 
‘Consulate and the Empire. The conquests of Napoleon spread 
the metric system through the nations of Europe; all of whom 
threw off the system on the collapse of the Empire, except Holland, 
which at the same time became united with Belgium ; and royal 
decrees in 1816 and 1817 fixed the system upon the two coun- 
tries. They may, therefore, be said to have accepted rather than 
adopted that system, under a combination of circumstances. But 
_ Belgium found it necessary to pass a new compulsory law in 1855, 
and Holland in 1869, the latter making the use of the metric 
terms obligatory from 1880. 

In 1835 a number of the Swiss cantons found it necessary to 
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consolidate their weights and measures, which differed among 
each other in every canton; and while doing so, they established 
them so as to form easy ratios with the metric system ; thus the 
foot was made equal to 3, of a metre. They also established 
decimal divisions. No law in regard to the metric system was 
passed until 1868, when it was made permissive by law. A law of 
1875 made its use obligatory from January 1, 1877, and a further 
law was passed in 1880. 

The first country to adopt the metric system was the kingdom 
of Greece, in 1836, but under what conditions I am unable to 
learn. It is, however, said to be obligatory in that country.* 

Following this came the action of Chili, where it was “ intro- 
duced” in 1848, but the introduction did not lead to a more inti- 
mate acquaintance. In 1862 the President decreed that it should 
be used for customs purposes after January 1,1863. It has never, 
to my knowledge, been made obligatory for general use in that 
country. 

In Spain it was also introduced in 1849, and made compulsory 
in 1855 and 1859; but it had to be done over again in 1880, when 
the colonies also were included. Portugal shortly followed Spain 
in its first metrical law (1852), though it was not made compulsory 
till 1868. Then follow a number of South American States ; Colom- 
bia, in 1853, ordering the use of the metric system in official trans- 
actions January 1, 1854; but the system is only permissive for 
private persons, as in Chili and the United States. Ecuador in 
1856 passed a law making it legal from 1866 ; but changed its mind 
in the following year, ordering it to be obligatory in all transactions. 
President Oommonfort of Mexico ordered its introduction in 
1857 ; requiring that six months after date of the decree it should 
be exclusively used in all government transactions, and from Jan- 
uary 1, 1862, by everybody. But as the government paid no 
attention to this order, a new decree was issued to the same effect 
four years later. However, a's this decree had no more effect for 
private working than the former, an ¢mperial decree was issued 
in 1865, again ordering the exclusive use of the metric system. 
This use is now said by the metrical advocates to be “ extending.” 


* Strangely enough, Mr. J. W. Nystrom, writing in 1876, numbers Greece 
among the only four European countries which have not adopted the metric 
system. And in 1890, Prof. B. A. Gould referred to Greece in the same manner 
(Jour, Assn. Eng. Soc., Vol. TX., p. 285). And ‘‘there are others.” I suppose 
this is on account of the difference of opinion as to what constitutes adoption. 
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In Guatemala and Costa Rica” the metric weights and measures 
have been “ legally in force” since 1858, but it is certain they are 
not used, and I cannot learn that any attempt has been made to 
make them. In Uruguay they were legalized in 1862, and are in 
use for customs. The Argentine Republic adopted the metric 
system by a law of 1863, and in 1872 ordered its use in the custom- 
house ; in 1877 a law was passed making it compulsory for general 
use at the end of ten years. In Venezuela, also, the system has 
been legally in force since about 1864, but this need scarcely be 
mentioned, as even the new tariff of 1867 used the earlier system. 
In 1869, however, the metric was made obligatory for customs after 
1872; farther than this it has not been carried. Peru had long 
before ordered the use of the metric system, but the order had no 
effect until 1869, when a new decree was issued, and it began to 
be used for customs purposes. 

In Italy the first really serious effort was made to oblige the 
use of the metric system by individuals, This was when the 
country was united into one government in 1861, and the law took 
effect over most of the Italian States in 1863, and in Venice in 
1869. Denmark in 1863 made the commercial pound equal to 500 
grammes, which is the only action (except in regard to coin- 
weights, which I do not here include) that country has ever taken 
in the matter. A bill for compulsion failed there in 1876. The 
permissive laws of Great Britain and the United States have 
already been mentioned. 

It was in Germany that the most important step was taken. 
At the time of the formation of the Empire, the weights and meas- 
ures of the various states were in the most hopeless confusion. 
The North German Union partially corrected this by a law of 
1868, making the metric system compulsory January 1, 1872, 
which was afterward extended throughout the Empire. Germany 
was followed by Austria-Hungary, which in July, 1871, made the 
metric system obligatory in four and a half years from that date, 

Turkey passed a law (if that is the proper expression), intro- 
ducing the metric system, in 1869, which went into effect for all 
official purposes of the empire in 1871, and three years after 
made its use obligatory to the public. 

In Brazil a law was passed in 1862, allowing the use of the 
metric system on ten years’ trial ; but on September 18, 1872, 


* These countries, besides Honduras and Salvador, have recently passed new 
laws, and it is said they now use the metric system in official transactions. 
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without any previous notice, a decree was issued making it obli- 
gatory the 1st of July following, with six months’ grace for the 
execution of the decree. This progressive country, which, as we 
here see, is “ advancing with rapid strides,” has found a period 
of ten to fifteen months sufficient for making this and other equally 
important changes, and the friends of the metric system do well 
to point with pride to its example. 

In Canada a permissive law was passed in 1873. In Egypt 
the use of the metric system was “ ordered” in 1875, but got no 
farther than the order. Yet Egypt is commonly classed with the 
metric countries. 

In Roumania, a royal edict of 1874 charged the government 
with the introduction of the system, but nothing was accomplished 
till 1884, when it became compulsory. In Servia it was introduced 
in 1880. 

The last important countries on the list are Sweden and Norway. 
These countries, after an attempted decimalization of the existing 
system, gave it up, and in 1875 adopted the metric system, which 
was made obligatory from January 1, 1883. The Grand Duchy 

_ of Finland has made the metric system compulsory from Janu- 
ary 1, 1892. 
_ I may be permitted to pass by countries like Hayti, San Do- 
mingo, Madeira, etc., which serve to swell the list of names, but 
not the population. 

In Russia, the first step was taken by Peter the Great, who, 
returning from his celebrated trip to England, brought back with 
him, among other things, the English foot. He did not make any 
foolish and useless attempt to supplant the measures already in 
use, but adjusted the sagene to equal seven feet. This made the 
Russian measures commensurable and easily convertible with the 
British measures. This was two centuries ago, and since then 
the use of English linear measure has become quite common in 
Russia. The use of the metric system in customs was authorized 
in 1870. In 1876 a commission was appointed to visit Paris and 
inquire as to the metric system, and they reported in favor of 
adopting it. The government, however, did not act on this sug- 
gestion. The dictum of her officials has always been that she 
would adopt it when Great Britain does. It is used, however, 
for some scientific purposes, and in some few, perhaps, of the 
manufactures. 


No country of importance,—unless Finland is so considered,— 
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has adopted the metric system for the past twenty years.” 
Neither Russia, nor Great Britain, nor any English-speaking 
country has ever adopted it, or made it anything but permissive, 
which permission in those countries already existed. 

As, however, it is commonly asserted that Jndia has adopted 
the metric system, it may be well to mention the facts ; for which 
I refer to a letter of Mr. F. G. Brook-Fox, published in Vature, 
January 9, 1896, p. 222. In 1870 the government of India, in the 
council of the Governor-General, passed an act for the introduc- 
tion of the metric system; but this act was vetoed by the Secre- 
tary of State (the Duke of Argyll) and zs council, whose assent 
was required. In the following year a permissive bill was passed, 
and, like other permissive bills, has remained a dead letter. 

In the year 1870, on invitation of the French government, an 
International Standard Convention was held in Paris, for the 
purpose of revising the standard units of the metric system. (It 
was this convention which decided to adopt the standards of the 
French archives, in place of those given by nature.) It resulted, 
in 1875, in an agreement, signed by seventeen countries (including 
Russia and United States, but not Great Britain”), forming the 
International Bureau of Weights and Measures. But as the his- 
tory of this Bureau pertains rather to metrology than the metric 
system,—advocates and opponents of the latter alike participat- 
ing,—it will not here be discussed. 

In 1888 Congress authorized the President to invite the Ameri- 
can nations to a conference, whose principal objects were the 
formation of an American Customs-Union, and the adoption of a 
uniform system of weights and measures. This was the well- 
known Pan-American Congress of Secretary Blaine. It was, how- 
ever, productive of no result. 

In 1895, on November 20, a deputation of oaty-aist English 


* No, I have not forgotten Bulgaria, Bulgaria was a Turkish province for 
seven years after the metric system was introduced and four years after it was 
made compulsory there. If the authorities have found it necessary to excom- 
municate anew the old measures within the past year, it isnot because it had not 
been done several times before. Turkey also solemnly ‘‘ made the metric system 
obligatory and exclusive” in 1895. Roumania and Servia would seem to belong 
in the same category as Bulgaria, so far as the first Turkish law is concerned. 

* Great Britain subsequently (1884) joined the Bureau, in order to avail herself 
of its superior facilities, and under the stipulation ‘that Her Majesty’s Govern- 
ment desire to guard themselves in the most explicit and formal manner from 
theadmission . . . . of any intention of adopting or proposing the adoption 
of the metric system in this country.” (Jour. Assn. Eng. Soc., Vol. V., p. 269.) 
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Chambers of Commerce, headed by Sir Henry Roscoe (Chairman 
of the late Parliamentary Committee), waited on Mr. Balfour, 
First Lord of the Treasury, to urge on the Government the desir- 
ability of adopting the metric system. Mr. Balfour replied to 
them, that while strongly advocating the change himself, and 
believing that “ the solitary argument which appears to have been 
alleged on the other side is that the existing English system is a 
good gymnastic for the mind,” he hardly thought that the Cham- 
bers of Commerce, or even the trades-union congresses, are ade- 
quate representatives of the kind of feeling which would probably 
animate the great mass of small retail dealers, and those who buy 
their goods from such dealers, who would suddenly find all their 
familiar landmarks swept away and unfamiliar things put in 
their places. He therefore believed that the proper field for 
exertion was not in legislation, but in the energy of private 
enterprise. 

Five of our State legislatures have moved for the introduction 
of the metric system by Congress; New Hampshire in 1859, 
Maine in 1860, Connecticut in 1861, Massachusetts in 1876, and 
Utah in 1896. Massachusetts, Connecticut and New Jersey have 
required it to be taught in the primary schools. 

As regards progress of the metric system by private initiative, 
there is practically nothing to record, except in the field of pure 
science, where the metric system had driven out all others long 
before the governmental action of the different countries. But in 
practical life, and in applied science, technology, etc., the metric 
system has never made any progress. It was adopted in 1868 by 
the American Watch Company of Waltham, Mass., in the manu- 
facture of watches; as it had been adopted years before, as an 
experiment, in one department of their factory, by the firm of 
Wm. Sellers & Co., of Philadelphia. It has also been adopted by 
the American Watch Tool Company of the same place, and by the 
Solvay Process Company, of Syracuse,N. Y. I also hear that an 
English machine-shop adopted it about twenty years ago, and 
one in New Jersey. But apart from these instances, and perhaps 
a few similar ones which I have not stumbled upon, the metric 
system has gained no admittance whatever into the workings of 
daily life, in any country, not even after many years, but by legal 
compulsion,—a fact which, of itself, ought to warn even its advo- 
cates that there are, at least, two sides to such a question. 
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II. ARGUMENTATIVE. 


The arguments adduced for the superiority of the metric sys- 
tem are specious and plausible enough; and the saying which 
we so often hear is not without a grain of truth, that “it would 
be superfluous to enter into all the advantages possessed by a 
decimal over a duodecimal or octonal system, for these will be 
evident to all that have given the subject a moment's considera- 
tion.” It is a fact to be regretted, that most of those who write 
and speak in favor of the metric system appear to have given the 
subject no more than this ; for it is only the maturer judgment, 
formed from a careful review of experience, that leads to a realiza- 
tion of its disadvantages. Let us first discuss the abstract claims 
for superiority of the metric system ; after which we will consider 
those drawn from history, and from the present status of affairs 
(commercial, etc.) ; and finally, the matter of a change from one to 
the other, on the part of the United States of America. 

The first argument for the superiority of the metric system 
(being that for which the greatest labor was undertaken, and on 
which, in the address to the National Convention in 1799, the 
greatest stress was laid) is the fact that its base is the exact ten- 
millionth part of the quadrant of the earth’s meridian ; this con. 
stitutes being a scientific basis. This argument, and the obvious 
reply thereto, are so very trite that I ought, perhaps, to apologize 
for even mentioning it to the members of this Society. Yet so 
long as the metre could maintain this boast (although as a means 
of verification it had long since been discarded), there did not 
seem to be any reply to it, because other units were not the 
aliquot part of anything in nature. But to-day itis at length 
universally acknowledged, as it was by the International Conven- 
tion of 1870, that the metre is not what it claims to be; the last 
opposition to this acknowledgment disappearing in 1889 ;* and the 
argument, therefore, such as it is, no longer properly obtains. Both 
Mr. Airy in England and M. Schubert, a Russian astronomer of great 
eminence, have pointed out specifically the extent of the error.™ 


°W. W. Hardwicke in Longman’s Magazine, Vol. X., p. 517. (Italies mine.) 
53 With the decease of President F. A. P. Barnard, D.D., LL.D. 
* This, it will be remembered, is just what was predicted by Lalande in 1790 ; 
and his advice (quoted on page 496) ought to be instructive reading to the stc- 


cessors of those who neglected it. 
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But “it 7s enough for our present purpose to know,” says Pro- 
fessor Davies, “that the science of the world has not accepted 
the quarter meridian as having a jixed value, and that the ablest 
minds in England will probably not so accept it.” It is not prob- 
able that any two meridians, or even any two quadrants of the 
same meridian, are of exactly equal length. It has been demon- 
strated that the northern and southern hemispheres, as well as 
the eastern and western, are unequal. “A more serious objec- 
tion,” says Sir John Herschel, “is the choice made of the circum- 
ference of the meridional or generating ellipse of the terrestrial 
spheroid in preference to its axis of revolution. This is a 
blemish on the very face of the system—a sin against geometrical 
simplicity.” According to him, the inch is just as scientific and 
natural as the metre, being almost as near to one five-hundred- 
millionth of the earth’s polar axis as the metre is to one forty- 
millionth of the meridian. 

But of what imaginable consequence can it be to any one, 
what ratio the unit of length bears to the dimensions of the 
earth or to any other physical magnitude with which the life of 
mankind has nothing to do? By what refinement of scientific 
fancy can such relation be deemed to constitute a natural stand- 
ard? The mere fact that such a plea is urged, as it constantly is 
even today, is sufficient evidence that the advocation of the sys- 
tem does not come from those who have to do with practical af- 
fairs, and on whom rests the prosperity of nations. This scien- 
tific, or rather pseudo-scientific, craze for round numbers where 
they are not needed is fittingly exhibited by a practical example. 
The standard gauge of railroads in most countries is uniform, and 
equal to 4 feet 8} inches. This number would probably look 
better were it exactly 5 feet; but this is of no consequence what- 
ever either to those who lay the tracks or those who ride over 
them. But, with characteristic perversity, the French engineers 
have attempted, with partial sticcess, to destroy the existing uni- 
formity in order to introduce a more scientific gauge of exactly one 
metre. In India, for instance, a new country, the uniformity was 
complete ; and the disgust occasioned by this wanton destruc- 
tion of it led President Hawksley, in his address before the In- 
stitution of Civil Engineers in 1872, to say some severe things 
about the metre. “One of the worst founded and most perplex- 
ing measures of length,” he declared, “with which it has been 
my fortune to become acquainted. A measure which bases its 
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claim to universal acceptance on the intangible ground that its 
length is, by its own unprovable assertion, exactly one ten- 
millionth part of a quadrant of the earth’s equatorial circum- 
ference !” 

Another and important example of this craze for a natural 
standard is represented by the centigrade thermometer, which, 
besides containing exactly 100 degrees between the freezing 
and boiling points of water, has “its zero at the freezing point— 
the only invariable point of temperature in nature,” ete.® Al- 
though this last clause is enigmatical, I may, perhaps, be per- 
mitted to suggest that, if we are to have a sentimental zero to the 
exclusion of convenience, it might be as well to have it at the 
“absolute zero,” wifich would preclude, at least, the use of nega- 
tive signs. Into how many degrees the scale is divided can be of 
no possible consequence, provided they are of convenient size. 
But the disadvantages of the centigrade scale are best told by 
Mr. W. A. Hazen of the United States Weather Bureau, who was 
led by the recent agitation to express his opinions on this subject. 
He says, ‘“ The metric system usually carries with it the centigrade 
thermometer, and here the whole English-speaking world should 
give no uncertain sound. In meteorology it would be difficult to 
find a worse scale than the centigrade. The plea that we must 
have just 100 degrees between the freezing and boiling points 
does not hold ; any convenient number will do. The centigrade 
degree (1.8 degrees Fahr.) is just twice too large for ordinary 
studies. The worst difficulty, however, is in the use of the centi- 
grade scale below freezing. To average a column of thirty figures, 
half of which are minus, takes nearly double time that figures all - 
on one side would take, and the liability to error is more than 
twice as great. I have found scores of errors in foreign publica- 
tions . . . all due to this most inconvenient minus sign. If 
any one ever gets a ‘bee in his bonnet’ on this subject, and de- 
sires to make the change on general principles, it is very much to 
be hoped that he will write down a column of thirty figures half 
below 32 degrees Fahr., then convert them to the centigrade scale 
and try to average them.” 

The metre, as has many times been remarked, is really as arbi- 
trary a standard as the foot. The only real thing about it is the 
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rod in the public archives. Professor Joseph Henry, who, as an 
electrician, might be considered to speak from experience, said : 
“The only objection to the foot, which has come down to us from 
the days of ancient Egypt, is, that it is an arbitrary measure and 
cannot be verified by comparison with any fixed magnitude in 
nature. But in this respect the metre has no advantage. It is 
highly important to the advance of humanity that a uniform sys- 
tem of weights and measures should be introduced throughout 
the civilized world. But the realization of this proposition is a 
matter of intrinsic difficulty, which has been much increased by 
the unfortunate attempt to introduce the French metre as a 
standard.” * ‘The metre was adopted in France,” says the Re- 
port of the Franklin Institute in 1876, “ only*because the harmo- 
nious proportion between the metre and the length of the meridian 
would bring all local measurements into harmony with the meas- 
urement of the world. But the decimal division of the quadrant 
and of time having been abandoned, and the adopted length of 
the metre having been found incorrect, there remains not even 
the sentimental reason for adopting it as our unit of measure.” 
The second argument in order of importance (following the 
address of Laplace before the Convention) is that of uniformity. 
Against uniformity in the abstract, nothing, of course, can be 
said. But the metricists proposed that “the weight and dimen- 
sions of every material thing, whether solid, liquid or gaseous, 
whether on land or on water, whether on the earth or in the 
heavens, and whether determined by the scale, plummet, balance, 
and barometer or thermometer, are ascertained by a method 
absolutely uniform, entirely simple, resting upon a single invaria- 
ble standard, secure against the possibility of change or loss by 
being constructed on scientific principles,” etc., etc. They in- 
sisted that everything must be bound by bars of iron, or of plati- 
num, to adhere to this wonderful standard. And what is the 
result? The result is that the diameter of the earth’s orbit is, 
not two astronomical units, but 300,000,000,000 metres. That a 
wave-length of light is not 55}55 of an inch, but 0.0000006 metres. 
That long rows of ciphers on either side of the decimal point are 
necessary to express the commonest quantities of daily life. That 
the architect can no longer use a scale of -2- of an inch to a foot, 
nor the engineer of 10 feet to an inch; but they must use instead 
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0.015625 and 0.00833. That our maps are no longer on a scale of 
OF but of 0.00005 and of 0.00001662. That the work- 
man can no longer buy a half or a quarter of a pound of coffee; 
he must buy 0.25 or 0.125 kilogramme. That no one is any longer 
to be allowed to imagine a sixth, or even a thirteenth of anything ; 
he must mentally express it as 0.16666 or 0.07692. That no one, 
in fine, should be allowed the use of any other length than the 
metre, any other volume than the litre, any other weight than the 
kilogramme. Yet the only answer that we hear to this is that the 
metre is “just as convenient as the yard.” Very true; we have the 
yard, and we do not use it. "We may use tenths of the yard, if we 
wish, but we don’t want them. We have also the third of a yard, 
which we do use, because it is more convenient ; we have tenths 
and twelfths of the foot, but we generally use the latter ; we have 
tenths and sixteenths of the inch, but we use the sixteenths, 
except in a few cases, where tenths are more convenient. Each 
of us may, if he choose, bind himself by a vow to use but one 
measure and one mode of division in all cases and for all purposes ; 
but why should he insist in compelling others also to adopt his 
private ideas ? 

It is the general verdict of engineers that the metre is not a 
convenient measure for the majority of purposes. On almost 
every occasion they have so expressed their opinion. It was said 
by Mr. Arthur Hamilton-Smythe, in his paper before the Institu- 
tion of Civil Engineers, in 1885, that a workman could measure a 
distance with a metre rule in two-thirds the time taken by a two- 
foot rule. This was denied by Mr. W. W. Williams, from his 
experience with foreign workmen, who, with a metre rule, were 
generally longer and less accurate than Englishmen with a two- 
foot rule ; besides which (he said) another workman was generally 
called in to put a mark atthe end. But no argument, after the fact 
of our own practice, and that of the whole world when left free to 
choose for themselves, is so conclusive on this point as the inci- 
dent related on this occasion by Mr. E. B. Hanson, who visited 
Paris in 1878, and some shops there, “ where several young arti- 
sans were being taught under the French Government, and he 
was astonished to find that they were using the two-foot rule ; on 
asking the reason, he was told that it was found to be so much 
more convenient.” So, too, the Germans and French both use the 
pound, in defiance of legislative restriction ; and they divide it up 
as they please. To make a change from the yard to the metre, 
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simply because the metre is just as convenient, would be, as Sir 
John Herschel said, “a standing reproach and anomaly,—a 
change for changing’s sake.” But to change because the metric 
system allows of but one unit of length for a// purposes, would be 
far worse ; it would be a retrograde movement, whose results, if 
it were possible to follow it out in all its provisions, would be 
most deplorable. 
The metricists have, in fact, committed just the mistake that 
we should have expected of theorists, and just the one a manu- 
facturer would commit, for example, if for the sake of uniformity 
he were to allow his blacksmiths to use but one size hammer, his 
carpenters but one size saw, and his machinists but one size file, 
or insisted that the sizes should be related to each other only in 
the ratio of ten. “The mechanic,” says Dr. Coleman Sellers, 
“ selects his tools in accordance with the extent of his work, and 
doesn’t waste time driving at a railroad spike with a tack-hammer.” 
Another advantage, of which much is made, of this vaunted 
uniformity, is the fact that the unit of volume is equal to the 
unit of weight in water. This is undoubtedly a convenience; it 
formed the foundation for the connection of the English and 
ancient units of weight and measure; but in order to appreciate 
how great this convenience is, we must read the words of a cer- 
tain learned professor on this subject. ‘“ A French engineer,” he 
says, “has instantly the weight of a stone or structure of masonry 
when he knows its volume or its specific gravity ; whereas the 
English engineer has to reduce his measure of volume to cubic 
feet and fractions of tlie same to multiply them by 624 (roughly 
speaking), and the product by the specific gravity of stone.”” 
How many are there of us who remember the specific gravity of 
stone, or iron, or any common material, with sufficient accuracy 
to make a calculation? - Yet we all know perfectly well that cast 
iron averages 4 cubic inches to the pound, and copper or gun- 
metal 3; more exactly 0.26 and 0.32 pounds per cubic inch (which 
are correct to $ of 1 per cent.). The fact is that, in these days, 
we never use specific gravity tables except when we use the 
metre and for special cases of hydraulics. But where this rela- 
tion would be of most value, viz., in naval construction, its advan- 
tages are vitiated by the fact that it does not hold for sea-water. 
Indeed, a candid friend of the metric system has expressed him- 
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self that it is crude and unscientific. “The practice has usually 
been to select some particular substance . . . and adopt it 
asastandard. . . . An example of the persistent use of this 
principle is to be found in the still common mode of expressing 
the density of matter, by referring it to the density of 
water. . . . It has taken some years for even scientific men 
to fully appreciate the objectionable features of this sort of me- 
trology, because it has required some time to prove that the con- 
ditions under which the density of water is constant are difficult 
of realization.” 

The argument of uniformity, however, loses much of its impor- 
tance when applied to English-speaking countries. Their system 
is already uniform, and was so, practically, decades before other 
countries had even considered the subject. It is the result of 
long years of painstaking deliberation and effort by the world’s 
greatest men, joined with the constant exertion and ingenuity of 
the enormous industrial interests of the leading commercial 
nations of the world. It is not the result of a few months’ delib- 
eration of a half-dozen noblemen who never even bought their 
own groceries, nor of a whim of.some “benevolent despot,” nor 
of a decree of some lazy one who had neither time nor talent to 
take the bull by the horns. Yet even those countries which have 
adopted the metric system had far more reason than we. They 
had allowed the methods of weighing and measuring to run into 
such a hopeless tangle that they might be largely excused for 
grasping at the only straw which seemed to offer any hope of 
salvation.” They were divided into a large number of jarring 
states which a strong hand scarcely held together, and which any 
preference shown to one of them would‘have sufficed to scatter 
again. But even so the British inch has maintained its own; it 
has not been displaced by any metrical unit, but, on the contrary, 
has displaced them, in total despite of uniformity—for the inch 
and the metre are incommensurable. 


°° 'T, C. Mendenhall in 7ransactions A. 8S. C. E., October, 1893, Vol. XXX., 
p. 120. 

© Thus in France in 1790, according to Prince Talleyrand, there were 13 dif- 
ferent pieds (feet), 18 different awnes (ells), 21 different poids de mare (avoirdupois 
pounds), 24 different boisseauz, 17 different sacs, 23 different septiers, 18 different 
tonneaua (tuns), all legal ; this was ‘‘only a much abridged statement of the 
principal differences between the weights and measures of the kingdom.” In 
Germany and Austria it was as bad, and in Italy much worse. 
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It is quite true that there is one point of geographical diversity 
in the English system ; which is, that the measures of capacity of 
_ the United States differ from those of England. This is a diffi- 
culty which, compared with that of introducing the metric system, 
could be easily overcome ; it is a real, though unimportant diffi- 
culty. But some ingenious persons have discovered that the 
measures of the United States are not uniform; because bushels . 
of different products, such as corn, are of different weights in dif- 
ferent States. Passing over a similar reply to the last, it may be 
asked what they offer in place of it, and whether they think that 
Nature will, to accommodate them, make the density of her pro- 
ducts the same between Maine and California? But there are 
still others who say that the measures and weights of the United 
States are not uniform; because there are still in use, in some 
localities, certain antiquated units that have been long superseded 
elsewhere. Mr. Frederick Brooks, C.E., for instance, has indus- 
triously rammaged up two of these ancient measures; they are 
the Spanish vara (yard), used in Texas, and the old French 
arpent (acre), used for the land measure in St. Louis. So, too, 
in England, a witness before the recent parliamentary committee 
gave a long list of anomalous customary measures, which are now, 
though illegal, still in use in various places; from which Sir 
Henry Roscoe argued,—by that inverted logic (as John Quincy 
Adams remarks) which presides over all precipitate legislation,— 
that ‘if a new system were adopted it would be possible to put an 
end to the employment of these.” Cannot these gentlemen see— 
are they so totally blind to all past experience of all nations in all 
times, and of the metric nations in particular, as not to understand, 
that instead of these facts being an argument,for the introduction 
of the metric system, they are the strongest possible argument 
against it? If it is found impossible, by law, penalty and confis- 
cation to eradicate a few old measures whose place is supplied 
by others nearly equal, or to change their value by the smallest 
perceptible quantity, how can they expect to sweep a whole 
system out of existence—names, quantities, numerical relations 
and all—and replace it by one which is radically different and 
foreign? But this subject bears more directly on the practicability 
of a change, and I will therefore dismiss it for the present ; as also 
the question of international uniformity. 

The subject of uniformity has been treated in detail by John 
Quincy Adams, who distinguishes between the wniformity of 


. 
i 
q 


THE METRIC VERSUS THE DUODECIMAL SYSTEM. 555 


identity and the uniformity of proportion,*. ¢., those of the 
French and English metrologies respectively. The conclusions 


which he arrived at are as follows :— 


“Tn speculating upon the theory, and in making experiments 
upon the existing standards of their weights and measures, they 
[the British philosophers] seem to have considered the principle 
of uniformity as exclusively applicable to identity, and to have 
overlooked or disregarded the uniformity of proportion. They 
found a great variety of standards differing from each other: and 
instead of searching for the causes of these varieties in the errors 
and mutability of the law, they ascribed them to the want of 
an immutable standard from nature. They felt the convenience 
and the facility of decimal arithmetic for calewlation ; and they 
thought it susceptible of equal application to the divisions and 
multiplications of time, space and matter. They despised the 
primitive standards assumed from the stature and proportions of 
the human body. They rejected the secondary standards, taken 
from the productions of nature most essential to the subsistence 
of man; the articles for ascertaining the quantities of which, 
weights and measures were first found necessary. They tasked 
their ingenuity and their learning to find, in matter or in motion, 
some immutable standard of linear measure, which might be as- 
sumed as the single universal standard from which all measures 
and all weights might be derived. , 

“Tf . . . the question before Conguene should be upon the 
alternative, either to adhere to the system which we possess, or 
to adopt that of France in its stead, the first position which occurs 
as unquestionable is, that change, being itself diversity, and there- 
fore the opposite of uniformity, cannot be a means of obtaining 
it, unless some great and transcendent superiority should demon- 
strably belong to the new system to be adopted, over the old one 
to be relinquished. , 

“The opinion has been expressed, that the uniformity of pro- 
portion in the ancient system, uniting weight and measure by the 
relative gravity, extension, and numbers, incident to dry and 
liquid substances, possessed advantages, of which the uniformity 
of identity in the modern system was entirely deprived. 

“Tn this conflict between the dominions of usage and law, the 
last and greatest dangers to the principle of uniformity proceed 
from the laws themselves. The legislator having no distinct idea 
of the uniformity of which the subject is susceptible, not consid- 
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ering how far it should be extended, or where it finds its bound- 
ary in the nature of things and of man, enacts laws inadequate to 
their purpose, inconsistent with one another; sometimes stub- 
bornly resisting, at others weakly yielding to inveterate uses and 
abuses ; and finishes by increasing the diversities which it was 
his intention to abolish, and by loading his statute-book only with 
the impotence of authority, and the uniformity of confusion.” 

Let us now consider the third argument in order of succession 
(still following Laplace), but far the most important in fact, viz., 
the decimal divisions. These divisions constitute, in the eyes of 
its advocates, the most brilliant superiority of the metric system; 
but to my mind its most fundamental and irremediable defect. 
The advantage of the decimal system of measures obviously is, 
that so expressed, quantities conform to the arithmetical scale, 
and so dispense with any other. That this advantage is a great 
one in many cases, so long as we retain our numerical base, is 
what cannot be doubted ; but it is far more than counterbalanced 
by the inferiority of that number as a base for subdivision. “If 
the measurements of the weights and the dimensions of sub- 
stances,” says the Franklin Institute Report, “were only to serve 
as data for complicated calculations, the reasons for adopting 
weights and measures decimally divided would have controlled 
the practice long ago. . . . But the fact is, that the vast ma- 
jority of weighings and measurings are followed merely by mental 
calculations, or by a simple multiplication of quantity (whole or 
fractional) by price (in decimals), a process which can oftener be 
done by vulgar fractions more easily than by decimals.” 

It is in the first place to be observed, that if we desire an en- 
tirely decimal system, we can have one to-day, and we could and 
would have had one long ago, equally as good as the metric 
system, in our own. Starting with the foot, and decimalizing 
upwards and downwards (as is.in fact done in surveying), taking 
the cubic foot as the unit of capacity, and remembering that it 
contains a kilo-ownce of water (just as the litre contains a kilo- 
gramme), we have a system possessing all the advantages of the 
other, with this added convenience, that we could still have our 
folding two-foot rules, and that the ounce is a more rational size 
for a unit of weight than the gramme, which is quite too small for 
commercial uses. But we have no need for such a system; it 
would be a millstone about our necks, as it is of those who 
against their will are forced to use it. The accusation that we, 
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the most practical of nations, have not adopted the decimal 
system because we are too lazy, or too prejudiced, ridiculous as 
it is, is sufficiently answered by the fact that in the few cases 
where we find decimal divisions most convenient, we invariably 
use them. 

Take the case of pure science. The science of the whole world 
had adopted the metric system long before they were either com- 
pelled or permitted to do so by law, and why? Because, not . 
only in science, more than anywhere else, it is necessary to have 
a universal system, no matter what, but because in precise 
measurements round numbers cut no figure; and if the base of 
notation had been eleven, it would have served equally well as a 
base for a scientific system. For the same reason, namely, uni- 
versality, the languages of science are the Latin and the Greek ; 
but does that form a reason why we should be compelled to use 
Latin and Greek in common life, for the sake of universality ? 

There is no case where the advantages of decimals show to 
more advantage than in moneys, where the principal operation is 
the addition of long rows of figures. The two great commercial 
nations of antiquity, the Greeks and Romans, both understood 
the advantages of decimal coinage, and had systems, except in 
the value of the unit, identical with our own; yet though the 
money weight and commercial weight were the same, they never 
used its decimal divisions for the latter. But even in coinage we 
are accustomed to overrate the advantages, and to forget that the 
English system has counter-advantages denied to our own, so that 
we are continually forced to make approximations. We look 
with so much horror on the English system of coinage, simply 
because we are unaccustomed to it; in the same way that the 
English do on ours. Thus an auditor wrote Mr. Herbert 
Spencer: “I had to go over more than £20,000 of accounts 
yesterday, and I was very thankful it was not in francs.” The 
advantages of decimals are dependent entirely upon the existing 
notation (which may some day be changed), and not in any way 
upon the convenience of the number ten. As an example of the 
‘awkwardness of decimals in common transactions, we continu- 
ally see articles quoted at fifty cents or twenty-five cents a dozen ; 
where any one desiring a single article must pay five cents or three 
cents for it—an awkward approximation. So far from the decimal 
notation having acted to bring our duodecimal system of weights 
and measures into agreement with it, the tendency is entirely 
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the other way. Nothing is more common than cloth at 12} cents 
ayard. Weconstantly find necessity for the eighth and sixteenth 
of a dollar in retail trade, and in rural places money is still 
reckoned in 123-cent “bits.” It is only on comparatively rare 
occasions that we have use for decimal parts of a dollar, or 
‘dimes ”—the word is not in use. In 1821, according to Mr. 
Adams, it was altogether unknown. Fifty cents is half a dollar— 
never five dimes ; twenty-five cents is a quarter. The ten-cent and 
the fifty-cent piece are the only decimal coins that have ever been 
issued, except the twenty-cent piece, which was almost still-born 
—nobody wanted it. Similarly with the eagle. We have the 
double-eagle, the half-eagle and the quarter-eagle, but no other 
divisions ; the eagle itself is not so called, but ten dollars ; and it 
is never used in reckoning. But take the case of the stock ex- 
change ; there, if anywhere, it would .be thought that gradations 
of price would conform to the coinage, the tenth being, as to 
size, as convenient as the eighth. But not so; the book-keepers 
are compelled to deal with half-cents even, for the sake of being 
able to obtain the sixteenth. 

Our monetary system, then, is at best only partially decimal, 
in spite of every inducement to the contrary ; in spite of the lack 
of the necessary coins for any other. But how is it with our 
weights and measures? Let us inspect the numerous numerical 
relations which the metricists make so much fun of; they are 2, 
21, 23, 3, 4, 55, 6, 7, 8, 9,12, 14, 16, 165, 18, 20, 21, 24, 25, 27, 28, 
304, 313, 40 and upwards. Here are, indeed, almost every num- 
ber in the arithmetical series, including fractions; but it is a 
remarkable fact, that, with a single exception,” the numbers ive, 
ten, fifteen are entirely absent; the number twenty-five occurs 
only as the quarter of a hundred. Is this an accident? It is an 
instructive example of the principle called natural selection, that 
custom has entirely weeded out the lower multiples of the incon- 
venient number five; they once existed, and they have given 
place to others. On the other hand, the numbers most frequently 
occurring are 2, 3, 4, 6, 8, 12, 16, 20, 24, which is a sufficient in- 
dication of the direction in which to look for an acceptable base 
of weights and measures. 

The extravagant views generally entertained as to the advan- 


*Gunter’s Chain, invented by an individual, used only by surveyors, and 
now obsolescent. Those who are fond of nosing in rare and curious volumes 
may have discovered another, the ‘‘ geometrical pace” of 5 feet. 
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tages of decimals are well illustrated by those expressed by Pro- 
fessor De Morgan on decimal coinage in England.- “1. All compu- 
tations would be performed by the same rules as in the arithmetic 
of whole numbers. 2. An extended multiplication table would 
be a better interest table than any which has yet been con- 
structed. 8. The application of logarithms would be materially 
facilitated, and would become universal, as also that of the slid- 
ing-rule. 4. The number of good commercial computers would 
soon be many times greater than at present. 5. All decimal 
tables, as those of compound interest, etc., would be popular 
tables, instead of being mathematical mysteries. 6. When the 
decimal coinage came to be completely established, the introduc- 
tion of a decimal system of weights and measures would be very 
much facilitated, and its advantages would be seen.” ” We have 
had decimal coinage in this country a hundred years, and not one 
of these consequences has followed, nor are we materially better 
off in any of these respects than England is. 

Great emphasis is laid by the metricists on the fact that the 
metric system dispenses entirely with vulgar fractions. That is to 
say, that while we can use decimals under the present, we must use 
_ them under the metric system. The great and radical defect of 
decimal fractions is that they proscribe the use of eight out of the 
nine digits from any part in the denominator. Only one can be 
used, and it can be used only once ; the rest of the denominator 
must be pieced ouf with ciphers. This is wndformity with an 
emphasis! But, save to a limited extent (at the most two 
figures), no man can think in decimal fractions, and the large 
numbers which they imply. The mind of man invariably reverts 
a fraction to its lowest terms to gain a comprehension of it. 
Thus $+ would be thought of as ;4, that is, as 4 + zy3 7 be- 
comes 3, and 74%, 747 more than three-quafters, or nearly 4. We 
should have no definite comprehension of the expression 0.125 
did we not know it was 4; 0.175 has but little meaning, being 
expressible no smaller than 7;. Even 0.5 is thought of as 4, 
not as ;§,; the laborer does not know what is meant by the 
latter expression. This accounts for the commonest of errors—a 
misplaced decimal point. Arithmetical operations in decimal 
fractions are a mere mechanical operation ; you do not know 
where you are till you get through; and careful engineers will 
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then run over the sum approximately in vulgar fractions to 
make sure they have made no “ bull” in the decimal point. Sir 
Frederick Bramwell, before the Institution of Civil Engineers, 
gave some good examples of the superiority of vulgar fractions 
over decimals for mental operations (and that is what, in the last 
resort, all operations in numbers come to). ‘‘ Which of those 
present,” he asked, “could square 4.125? That to the majority 
would be almost impossible, but with 43 there was no difficulty. 
174, compared with 17.015625.” 

As to examples done on paper, enough have been printed by 
metricists to fill many pages. A single example will suffice. 
Ab uno disce omnes. Mr. Arthur Hamilton-Smythe, in his lec- 
ture before the Institution of Civil Engineers in 1885, gave the 
following : 

To find the weight of water in a tank measuring : 


10’ 6” x 62” x 1'1"; or, 3.20 m. x 1.88 m. x 0.33 m. 
10.5 3.2 
6.17 1.88 
735 256 
105 256 
630 82 
64.785 6.016 
1.083 0.33 
194855 18048 
518280 18048 
647850 1.98528 tonne. 
4)70162.155 : 
4)17540.538 
~ 4/4385. 184 
71096. 283 
| 4)156.611 
"2039-152 
| 1.957 ton. 
\ “ To effect the calculation,” said Mr. Hamilton-Smythe, “ with 


| British measures by the shortest way required 94 figures. It was 
i done accurately in metric measures with 35 figures.” To which 
Sir Frederick Bramwell replied : “ Assume for the moment the 
| difference in the length of the two calculations existed, what did 
it prove in regard to the general question? Nothing whatever. 
To what did it apply? To fresh water at a particular tempera- 
ture,.and to nothing else. . . . But who but one whose mind 
was warped by the metric system would have thought of turning 
inches into decimals of feet prior to calculation ? Would not any 
one else have worked the sum thus: 


| 
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9 


70 1 9 


There, in 25 figures, was the answer as regarded the cubic con- 
tents, while the metric system, to reach the same point, had 
needed 35 figures.” For still more instructive, as well as more 
practical, examples, I refer to the admirable paper of Dr. Cole- 
man Sellers before this Society at its first annual meeting. 

The advantages of decimal fractions are well set forth by Mr. 
Herbert Spencer, in the paper above mentioned, in the form of a 
dialogue, thus: 

««* Are we in all weights, all measures of length, all areas and volumes, to 
have no quarters ?’ 

** * Quarters can always be marked as .25.’ 

«*«So that in our trading transactions of every kind we are to make this 
familiar quantity—a quarter, by taking two-tenths and five-hundredths? But 
now let me ask a further question—What about thirds? In our daily life 
division by three often occurs. . . . Continually thirds are wanted. How 
do you arrange? Three threes do not make ten.’ 

‘*« We cannot make a complete third.’ 

‘«« «You mean we must use a makeshiftthird, as a makeshift quarter is to be used?’ 

““*«No; unfortunately that cannot be done. We signify a third by .3333, etc.’ 

*««That is to say, you make a third by taking three tenths, plus three hun- 
dredths, plus three thousandths, plus three ten-thousandths, and so on to 


infinity ! 


No nation has ever really adopted a decimal system. No nation 
will use it. Not the most stringent laws will compel men to think 
in decimals, or so to express themselves. In all metric countries 
vulgar fractions are just as common as elsewhere. It is even 
mentioned as an advantage, instead of to the everlasting detri- 
ment of the metric system, that the governments of France, 
Germany, etc., are compelled by sheer impotence to allow the 
use, not only of quarters and eighths, but of sixteenths, thirty- 
seconds and even sixty-fourths of their units; the other govern- 
ments do not allow them, in truth, but they are those where the 
vast bulk of the people in the interior have never even heard 
either of the metric system or of decimal divisions. 

On no point of the subject is John Quincy Adams so emphatic 
as on that of decimal divisions. His four years of deliberation 
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led him to conclusions perfectly definite ; and once more I can do 
no better than to repeat the words of that immortal production : 

“From the verdict of experience, therefore, it is doubtful 
whether the advantage to be obtained by any attempt to apply 
decimal arithmetic to weights and measures, would ever compen- 
sate for the increase of diversity which is the unavoidable conse- 
quence of change. Decimal arithmetic is a contrivance of man for 
computing numbers ; and not a property of time, space, or matter. 
Nature has no partialities for the number ten : and the attempt to 
shackle her freedom with them will forever prove abortive.” 

“The metre, very suitable for a staff, or for measuring any por- 
tion of the earth, has not the property of being portable about the 
person : and for all professions concerned in ship or house build- 
ing, and for all who have occasion to use mathematical instru- 
ments, it is quite unsuitable. . . This inconvenience, great in 
itself, is made irreparable when combined with the exclusive prin- 
ciple of decimal divisions. The union of the metre, and of decimal 
arithmetic, rejected all compromise with the foot. There was no 
legitimate extension of matter intermediate between the ell and 
the palm, between forty inches andfour. This decimal despotism 
was found too arbitrary for endurance; not only the foot, but its 
duodecimal divisions, were found to be no arbitrary or capricious 
institutions, but founded in the nature of the relations between 
man and things. The duodecimal division gives aliquot parts of 
the unit, of two, three, four and six. By giving the third and 
fourth, it indirectly gives the eighth and sixteenth, and gives 
facility for ascertaining the ninth, or third of the third. Decimal 
division, in giving the half, does not even give the quarter, but by 
multiplication of the subdivisions. It is incommensurable with 
the third, which unfortunately happened to be the foot, the uni- 
versal standard unit of the old metrology.”  % 

“The opinion has been expressed . . . that the French 
system, admirable as it is, looked, in its composition, to weights 
and measures, more as exclusively matters of account, than as 
tests of quantity ; that in its eagerness for extreme accuracy in 
the relations between things, it lost sight a little of the relations 
of weights and measures with the physical organization, the 
wants, comforts and occupations of man; that in its exclusive 
partialities for decimal arithmetic, it forgot the inflexible indepen- 
dence and the innumerable varieties of the forms of nature, and 
that she would not submit to be trammeled for the convenience of 
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the counting-house. The experience of the French nation under 
the new system has already proved, that neither the immutable 
standard from the circumference of the globe, nor the isochronous 
vibration of the pendulum, nor the gravity of distilled water at its 
maximum of density, nor the decimation of weights, measures, 
moneys and coins, nor the unity of weight and measure of 
capacity, nor yet all these together, are the only ingredients of 
practical uniformity for a system of weights and measures. It 
has proved, that gravity and extension will not walk together with 
the same staff ; that neither the square, nor the cube, nor the circle, 
nor the sphere, nor the revolutions of the earth, nor the harmonies 
of the heavens, will, to gratify the pleasure, or to indulge the indo- 
lence of man, be restricted to computation by decimal numbers alone.” 

An argument closely connected with the former is the simpli- 
city of the metric system ; and it may be remarked, that this sys- 
tem is so very simple that no one can have any excuse for not 
being acquainted with it, more especially as it has been taught 
in our schools for thirty years; therefore it is denied the plea 
of ignorant prejudice against it. No one can very well oppose 
it without knowing exactly what it is he is opposing. But its 
advocates are chiefly fond of urging that it w7ll save so much time 
in the schools. The time spent by the average schoolboy on 
vulgar fractions and on tables is variously estimated as from two 
years to the best part® of the whole period of mathematical 
instruction. Without stopping for a reply to Dr. Sellers’ ques- 
tion, of “ how many years are now devoted to mathematics only, 
in the average four years’ schooling of the mass of our boys, 
and what is to be lopped off to make this saving,” let me ask 
whether any educator really thinks that by any such hocus-pocus 
he can, in the face of their wniversal use, dispense with vulgar 
fractions? No! though he should keep them under lock and key 
from his pupils, they would arrive at them as inevitably as they 
arrive at the processes of their own nature. Not that they 
would understand their use so well, or be so apt for the processes 
of civilized life, as if they had studied them; but the knowledge 
of them, and of the weights and measures in established use, 
is, as says John Quincy Adams, “among the first elements of 
education, and is often learnt by those who learn nothing else, 


* Professor De Morgan before the Parliamentary Committee of 1853 said that 
the introduction of decimal coinage would diminish the labor of teaching and 
computation by one-half, and in some cases four-fifths. 
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not even to read and write.” But perhaps the facts are better 
expressed by a celebrated educator, Professor Charles Davies, 
who, as the author of a score of mathematical text-books, may be 
supposed to speak with some authority :— 

“ Every teacher knows that the first step in a course of arith- 
metical instruction is to impress the pupil with a distinct and full 
apprehension of the unit of number, whether that unit be ab- 
stract or denominate. . . . But the apprehension becomes 
dim as the numbers grow large ; and young minds, in computa- 
tion, must be trained in small numbers. . . . In regard to 
the simple use of the decimal scale, we have already shown that 
in most of the weights and measures each unit has a half and 
a double, where, of course, the scale of connection is two and 
not ten; and this having been adopted from necessity, after the 
adoption of the system itself, one-half of the units in common use 
are not ‘in the tables at all—so that the pupil, after having 
learned his table-book at school, has a new set of units to learn 
in practical life.” 

And then there is the pet argument of the theorists—the scien- 
tific nomenclature—a fit subject for ridicule ; an “ array of galvan- 
ized corpses” (as some one has called them) formed from roots 
of dead languages dug up out of the dust of antiquity and fitted 
together like so many Frankensteins. So preposterous, indeed, 
that, with the exception of France, not a single European nation 
has accepted them, in the proper meaning of that word. Many 
have not even made the attempt, but have immediately applied 
the old names to the new things (and yet are called “ metric 
countries”). Why? Because “to the common mind they are 
like a party of foreigners in uniform ; they all look and jabber 
alike.” Here is what “ metrical coinage” would be like: 


10 millidollars make 1 centidollar. 
10 centidollars ‘ 1 decidollar. 

10 decidollars 2 1 dollar. 

10 dollars - 1 decadollar. 
10 decadollars 1 hectodollar. 
10 hectodollars ‘‘ 1 kilodollar. 

10 kiiodollars “ 1 myriadollar.“ 


_ Ridiculous and absurd as this table appears, with its multi- 
plicity of words, syllables and denominations, it is in reality no 
more so than the actual metric tables, with their superadded 


 Saml. Barnett in Popular Science Monthly, May, 1878, p. 82. See also an 
able article by H. T. White, in New Englander, September, 1879, to which I am 
indebted for many suggestions. 
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jingle of metre and litre, of are and stere, and soon. What hope 
could they have that the poor man, in making his little purchases, 
would ever be brought—under penal legislation, too (as Sir 
Frederick Bramwell says)—to distinguish between myriametre 
and millilitre, between deciare and decastere? How could they 
expect that the busy merchant would ever be induced to clog his 
tongue and his books with such things, and to introduce the 
infinite errors which their similarity, almost to a letter in some 
cases, would infallibly bring with them? If ever a lecture was 
needed on the harmony of theory and practice, not in mechanics, 
indeed, but in the commonest affairs of life, it is needed to-day ; 
and Rankine, with his characteristic spirit, appears never to have 
regarded the scheme seriously.” 

They did not really hope or expect these things; for, the fact 
is, that they had never thought of them. They did just the way 
men always do, when called upon to act; and being all pure 
scientists, they built a system which was fitted to their own pro- 
fession, and no other. In pure science, where time is no object, 
and precision the highest virtue, the array of ciphers and syllables 
embodied in the metric system is never thought of as adefect. To 
the zodlogist, it is as easy tosay Canis familiaris as to say dog, hund, 
chien; but that they should expect the people,—by whose labor 
scientific institutions are supported,—for the sake of international 
uniformity and exactness of definition to follow the same course 
—no, they are permitted to recommend, but never to compel. 

This scientific nomenclature has become a kind of boomerang 
to the metricists. They are more often called on to speak in its 
defence, than to use it as an argument. They say the old terms 
can be made just as much fun of as the new. That the former 
have imperfections, we all admit ;—they are those inherent in the 
human species. That they are often ambiguous and many- 
meaning, is true; but their brevity and directness stand out 
as a transcendent superiority. Then we are told that, in common 
acceptation of the metric terms, “they will obtain popular abbre- 
viations.” But of what abbreviation are they capable? Such 
abbreviations, if they could be made, would result in an infinitely 
worse confusion than at present. Words which differ from each 
other by a single letter, or the sound of a syllable,—what can be 


*° Rankine’s dissertation ‘‘ On the Harmony of Theory and Practice in Mechan- 
ics ” is published as an introduction to his Applied Mechanics ; he also wrote a 
funny poem on the metric system, ‘“‘ The Song of the Three-Foot Rule.” 
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done to distinguish them, already scarcely distinguishable? The 
ingenuity of all France, and of the world, has as yet discovered 
but one abbreviation, the word kilo being appropriated to mean 
kilogramme, and thereby excluded from kilometre, kilolitre, and 
all the others. To foist upon us this nomenclature, and then tell 
us, if it was too long, to abbreviate it —this would indeed be 
mockery. And then, finally, we hear (the only course which 
remains) recommended to us, that we can use the old names 
and apply them to the new values. The answer, which it is 
scarcely necessary to make, is given by the author himself in the 
next sentence, that’ the Dutch tried this, but it led to so much 
confusion that the French names were eventually adopted.” © This 
is a last and desperate stand on the part of the metricists ; for it 
involves the abandonment of an integral part of the system itself. 

I need hardly adduce any further arguments as to the abstract 
merits of the metric system. It is to-day admitted, by its can- 
did advocates, that it has defects. It is admitted that it is 
imperfect. But upon the mass of people “little effect will be 
produced by showing that, if the metric scheme should be 
established universally, myriads of transactions every day will 
for untold thousands of years be impeded by a very imper- 
fect system.” No, they look only to immediate results (while 
claiming the opposite), for they say, we must have an interna- 
tional system, and we must have it now, whatever it is, and 
whether the metric system be a good one or not, it is the only 
one which has any chance of becoming universal, in fact it is 
quite evident that it zs becoming universal; we cannot stem the 
tide, we are losing our credit among the nations, we cannot 
please our customers, we will have to make the change in the 
end, and we had consequently better make up our minds to take 
the dose, first as last. As regards Great Britain and the United 
States, they tell us on this side that “Great Britain has given 
decisive indications of a disposition to become metric also,” ™ 
and if we don’t bestir ourselves, we shall be the last to aid in the 
good work; while in Great Britain they say the same things of 
the United States. Then they present their long and portentous 
list of countries, to show us how, as a matter of fact, we are ‘ out 
in the cold” now. Then they present maps showing (as did Mr. 


°° J. E. Dowson, in Jour. Soc. Arts, February 6, 1891. 
* Herbert Spencer, Joc. cit. 
* F. A. P. Barnard, before University Convocation of State of New York, 1871. 
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Hamilton-Smythe in the paper previously referred to) the area of 
the metric countries, colored black for distinction. The map 
includes all of central and western Europe, the minute British 
Isles, and just enough of Russia to show the black extending to 
the borders of the White Sea. A map of America would, of 
course, be wholly black, from Tierra del Fuego to the Rio Grande. 
A map of Africa would include all the civilized portions, Algeria, 
Senegambia, Egypt to the Victoria Nyanza and the whole of the 
Congo Free State up to the unknown sources of that great river. 
The map of Asia—but Asia is wholly uncivilized, and besides, 
Japan is on the point of adopting the metric system. Several of 
the islands of Oceanica have already adopted it. And then, 
finally, they present tables—tables of population and commerce— 
showing how in reality far the larger part of our commerce is with 
metric countries. Merely pausing to note the fact that these two 
arguments are mutually destructive, viz., that we are losing our 
trade and that most of it is with metric countries, let us pass on to 
examine these statements a little for ourselves. Passing by the 
first, which is irrelevant, with the remark that the area of the 
British possessions alone is greater than that of all the metric 
countries combined, being one-fifth of the habitable globe, let us 
look at the statements as regards population. Here is what I 
gather from the Commercial Year Book for 1896, published by the 
New York Journal of Commerce : 


POPULATION IN MILLIONs.™ 


Austro-Hungary ............. 41.285 | British India. ............... 221.172 
Turkey (including Egypt)..... 32.212 | United States................ 62.832 
17.545 | United Kingdom. ............ 37.879 
14.002 | Philippine Islands ........... 7.450 
11.6833 | West Indies ...............-- 6.529 
6.069 | British Australasia ........... 3.810 
Portugal ..........+. 4.307 | British Africa ............... 1.150 
Argentina ............. - .. 4.257! Newfoundland and Labrador.. 0.202 


Central America 1.708 


* These data are for about the year 1890, ard of course approximate only. 


| 
2 
Metric. Non-metric. 
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That is to say, the population of the United States and British 
possessions alone is greater than that of all metric countries com- 
bined. But how is it with commerce? Here is the commerce of 
the United States in tabular form, from the same source ; 


COMMERCE OF THE UNITED STATES IN 1895—MILLIoNs oF DoLLARs.” 


Non-metric. 


173.065 | United Kingdom............. 546.291 
.. 106.505 | West Indies 92.761 


Cemtval 


14.494| British Africa .... ....... 5.976 
13.814] British and Dutch Guiana .... 5.487 
Dutch East Indies............ 8.882 | Philippine Islands ........... 4.850 
Austro-Hungary ............. 3.821 
7.840 | All other British Possessions... 2.829 
7.257 | Newfoundland and Labrador... 1.559 
7.166 | Camary Islands. .............. 0.281 
Colombia. 6.310 | Greenland, Iceland, etc. ...... 0.127 


| That is, our trade with the British possessions alone, as before, 
i is greater than that with all other metric countries combined. 
But Central America, Spain, Venezuela, Dutch East Indies, 
Chili, Colombia, Uruguay, Egypt and Peru are metric countries 
either only in name, or only for some special purpose (as cus- 
toms, postage), and their trade amounts to 78 millions; putting 
these on the other side we have 587 millions as against 948 
millions, so that, in fact, our commerce with non-metric countries 
is nearly two-thirds greater than with the metric. 

‘But how is it with the commerce of the world? Here, I must 
say, owing to the Jax methods of some foreign (particularly metric) 
custom-houses, no sufficiently reliable data are to be obtained. 
Nevertheless, we can sufliciently judge as to the leading com- 
mercial nations, and the amount of their precedence, by the 


7 Compiled by addition of exports and imports. 
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development of the two leading agents of commerce, by sea and 
by land, that is, shipping and railways; and this is what the 


Commercial Year Book says about the carrying trade of the 
world : 


THE MERCANTILE NAVIES—NOMINAL TONNAGE. 


1840. 1892. 


6,070,000 12,670,000 108 
9,380,000 22,900,000 144 


CARRYING PowER—TONS. 


British. Other Flags. at 


27,720,000 21,120,000 


RarLways—MILLions OF Tons CARRIED 100 MILEs. 


United States ....... | 70 | 15 
United Kingdom .... Russia .............. 1,348 


“Here we see that the United States railways do two-thirds of 
the goods traffic on all the railways of the world, although in point 
of length they only stand for one-third of the total;” while at 
the same time the tonnage of Great Britain has increased from 
one-third to more than one-half that of all other countries, since 
the metric system first began to be adopted. If there is any 

. thing as regards the metric system which is conclusively proved 
by facts, it is this: that instead of injuring the trade of the non- 
metric countries, it has proved a veritable Jonah to the metric. 
Bound hand and foot with decimal divisions, they have been 
unable to keep pace with the Saxon, and are already lagging far 
in the rear. 

Yet, in spite of all this, in spite of utter lack of evidence,—not 
to say the plainest evidence to the contrary,—we are constantly 
being told that “its beautifully simple units of measure and their 

inter-relations are as wings which have enabled it to outstrip 

those that persist in carrying the dead weight of an unscientific 
and hopelessly bad system of metrology.” ™ 


™T. C. Mendenhall, Transactions A. S. C. E., Vol. XXX. (October, 1893), p. 
120. (Italics mine.) 
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But this progress of the metric system,—what is it? It seems 
to me a queerly backhanded sort of progress. It seems to have 
begun at the wrong end. Who first adopted it, after France? 
Why, Greece,—a little kingdom in southern Europe of which we 
seldom hear. I will not here speak of the intellectual develop- 
ment there, but refer my readers to the writings of Lord Byron,” 
who had some transactions with that country. And what one . 
next? Why, Chili—followed by Spain and Portugal. Passing 
over the first, how many of us have ever seen a Spanish or Portu- 
guese work on engineering or science? Will those who have in- 
form us what they thought of it, and how it compares with our 
own? We see the French, German, Italian, Swedish works in 
abundance, and even Russian and Austrian are not wanting, 
But I have on several occasions tried to find a Spanish work, and 
have each time been told that there was nothing. Are these the 
countries whose lead we wish to follow? What are the general 
ideas we obtain as to the state of popular education in those 
countries? Some one who has been in Portugal called it “that 
purple land, where law secures not life.” But I pass on. The 
next countries are a whole series from South America,—one after 
another,—countries whose normal state seems to be one of revo- 
lution. It would be a good deal to say that any decision in those 
countries was “irrevocable.” Who made the decision? Was it 
the people ? No—not even the legislative body in most cases, but 
the military dictator who happened for the nonce to be in control 
of affairs. His decision was published in the form of a “ decree” 
(so much for a republic), and may be revoked in the same manner 
by any of his successors—nay, almost certaiuly will be, as soon 
as it becomes evident that they have done a foolish thing, and 
cannot frighten the race which dictates its own terms to the rest 
of the world into plunging after them. It would be a fine thing 
for them, no doubt, to refuse to admit the inch and pound, who 
are dependent for any hope of improvement upon English capital 
and American enterprise. It is not too late for the decision to 
be revoked, for most of the people have not as yet heard of it, or 
have forgotten. 


™ See his Notes to Childe Harold, Canto I1., where he has given an extensive 
description, with examples. ‘‘ A Greek must not write on politics, and cannot 
touch on science for want of instruction; if he doubts, he is excommunicated 
aud damned; . . . andas to morals, thanks to the Turks! there are no such 
things.” 
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Turkey ® is one of the countries on the list, as also Egypt. 
Turkey—that vanguard of civilization—was flattered into this 
move by the present of a standard metre from the other nations. 
I should be curious to know how much attention is paid to the 
order of the Sultan in Egypt by the numerous British inhabitants 
now there, and whether they all use the metre and kilogramme. 
But that those despised fellahin, who form the bulk of the popu- 
lation, and whose ancestors have lived and died on the banks of 
the Nile, unchanged in habits, customs and utensils for unnum- 
bered centuries (as Miss Edwards says)—that they should, by an 
order of the Sultan, abandon their cubit and their inch—I would 
as soon believe that they had changed their mode of progression 
from their feet to their head, as that one in ten thousand of them 
even knew what a metre was. , 

And so on through the list. Then come, lagging along at the 
end, Germany, Austria,—which we are accustomed to consider 
among the most advanced of nations; Germany is first on the list 
of our trade with metric nations,—and last of all (with an unim- 
portant exception), Scandinavia, once mistress of half Europe, 
and which produced the great Linnzus,“ and many illustrious 
men. Our own race, which we are accustomed to consider the 
most advanced of all, is as yet delinquent. 

It is a matter of astonishment to the metricists themselves—as is 
easily seen by their writings *—that thirty years, or rather a hun- 
dred, of the metric system, have not, even in this most practical of 
countries, produced the smallest effect in the way of its introduc- 
tion. They are almost, in some cases, at a loss to account for it. 
It never occurs to them that it is the fault of the system, and 
not of the people. But these benevolent philosophers, having 
brought their horse to water, and finding that he will not drink, 


* The last report of the House Committee on Coinage, etc. (H. R. No. 795, 
54th Cong., 1st session), admits that in Turkey ‘‘ the law, while obligatory in 
measurement of cereals and use of weights, is not enforced.” If it had put 75 
per cent, of the other laws in the same category, it would have been that much 
nearer right. 

Tt is Linneus, it seems, not Celsius, to whom we are indebted for the centi- 
grade or ‘‘ metric” thermometer. (R. H. Seott, Meteorology, p. 49.) 

**T cite one instance. ‘‘ Returning home, less than five years ago,” said Prof. 
B. A. Gould in 1890, “it was with the expectation of finding the metric weights 
and measures in general use; . . . how great was my disappointment at 
finding the usages of our community scarcely more advanced than they had been 
fifteen years before.” (J. Assn. Eng. Soc., Vol. 1X., p. 284.) 
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propose to make him. Their reasoning is somewhat as follows: 
“We know . . . thatin all partsof the world communities 
do not always comprehend their true interests, and it has there- 
fore been found necessary sometimes, to enforce laws by which 
to guide them into prosperity.” The result is thus stated by 
Mr. Herbert Spencer: “There lies before me an imposing list of 
the countries that have followed the lead of France. It is headed 
‘ Progress of the Metric System.’ It might fitly have been headed 
‘Progress of Bureaucratic Coercion.’ When, fifty years after its 
nominal establishment in France, the metric system was made 
compulsory, it was not because those who had to measure out 
commodities to customers wished to use it, but because the Gov- 
ernment commanded them to do so; and when it was adopted in 
Germany under the Bismarckian regime, we may be sure that the 
opinions of shop-keepers were not asked. Similarly elsewhere, 
its adoption has resulted from the official will and not from the 
popular will. I venture to say that in no case has the retail 
trader been consulted.” 

But have they adopted the metric system? Let us see. I 
again take up the Commercial Year Book for 1896, and looking 
under Weights and Measures, this is what I find: 

“‘ Austria : 1728 punkte = 144 linien= etc, . . . The measures differ in 
some parts. 

‘“* Egypt: the common cubit, . . . The weights and measures vary, how- 


‘ever, in different parts. [Metric not mentioned. ] 


‘* Mexico: The weights and measures are those of Spain, but with many local 
variations. . . . [Metric not mentioned. ] 

‘* Spain: The metric system is now the legal one. Is obligatory. The old 
weights and measures, as used in Madrid and Castile, are: Length : 144 puntos 
=, ete. 

‘* Sweden and Norway: [Gives the old measures.] The above are the old 
measures. The system has since been decimalized, but based on the former 


- units : 100 linies = 10 tums =, etc. In both wet and dry capacity measure the 


cubic tum, cubic fot, etc,, are used, The metric system went into effect in 1878. 
Obligatory.” 
Etc., etc. 


The members who will take the trouble to look in their D. K. 
Clark’s Manual will find the same thing with variations. Mr. 


7° J. W. Nystrom in J. Frank. Inst., Vol. CI., p. 385. ‘‘ Upon the metric sys- 
tem,” says Gen. Sir C. W. Pasley, ‘‘ far more legislation has been expended, from 


- 1789 to the present day, than can be found in all the English statutes on the same 


subject, since the Norman Conquest. In short . . . [it] may be called the 
Bathos of Legislation.”” Loc. cit., p. 512, above. 
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J. K. Upton, Chief Clerk of the Treasury (a warm but candid 
friend of the metric system), in his comprehensive reply to the 
resolution of Congress in 1878, has given a list which is much 
more instructive, but I cannot stop to quote it. 

What is the use of giving, for the use of traders, shippers and 
engineers, all these old measures thirty years or more after their 
abandonment? Why not simply say “ metric system ” and stop 
there? The answer is only too obvious. ; 

I never heard of the metric system being an obstacle to the 
acceptance of British or American products and labor. I know 
an engineer who for two years directed the construction of rail- 
way work in Peru, and I have often heard him speak of his 
experiences. I don’t remember ever hearing him mention the 
metric system; but I remember his account of the method of 
making railway contracts there: the government contracted for 
a railway between two places by the mile,—and then left the con- 
tractor to take his own route.” 

I recently took occasion to inquire of a non-technical friend, 
who had lived for some time in France and in Holland, and was 
entirely disinterested, about the use of the metric system in those 
countries ; and I received this written answer : “The weights and 
measures in France are of the metric system principally. The 
metre is used in measuring cloth, and the litre for milk, and such 
fluids. The word livre (pound) is also used in weighing small 
quantities, and the word kilo in weighing large ones. I think in 
measuring distance they nse the word league. . . . Below 


” In answer to an inquiry made since writing the above, this gentleman, Mr. 
Henry L. DesAnges, M. Soc. N. A. & M. E., sent me the following : 

‘‘Henry Meiggs received the contract for the Arequipa and Puno road by the 
mile, and Mr. Lucas, an eminent English civil engineer, sent out by the English 
bondholders, while viewing certain portions of the road, said he could only un- 
derstand why certain deviations from a straight road were made by knowing 
that fact. 

“‘The several railroads were built by many different contractors, and as those 
contractors had been trained so they may have thought, that is, either in inches 
or centimetres, but when the line was finished the distances were all stated in 
kilometres. 

“In our daily lives, that is, in the machine-shops of the English or American 
lines, the inch or ‘ pulgado’ is used, and I also feel sure that the measure in 
mercantile pursuits used is the foot and yard; in the schools, of course, both 
Measurements are taught as in our own country. I am not able to say what 
measure is the standard of the country, or if there is any. Of the currency 
used, it is decimally divided as in our own coin.” 

So much for Peru as a ‘‘ metric country.” 
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demi-kilo, they use ‘livre,’ and demi-livre, and quart-livre. In 
Holland they use the ell for measuring cloth, in place of our 
yard. Itis, as near as I can remember, between twenty-seven and 
thirty inches. They use the word league to measure distance. / 
never heard of them using the metric system in Holland.” (Italics 
mine. ) 

Here is a country which is supposed to have adopted the sys- 
tem along with France, and a country where laws are enforced. 
Yet a person who lived there, among the people, for a number of 
months, never heard of it, but gives entirely different units ! 

It is a well-known fact that the words centimetre, etc., are 
almost as uncommon in Germany as in this country. They still 
use their pfund, their zoll, their strich, their schoppen of beer and 
their scheffel of corn, as formerly ; they call the metre a stab ; and 
though these are supposed to be now decimally related, they 
divide them up as they please, as we have already seen.” Simi- 
larly in Austria. The works of popular French writers are full 
of the old measures, which must be intelligible to the people. 
Their use is the commonest thing, and seems to be connived at 
by the government, which is helpless to prevent it.” Yet Dr. 
Karmarsch, a director of the Royal Academy at Hanover, and 
one of the commissioners of the German Diet at Frankfort, said 
in his evidence : “ There is not a man in Belgium or France who 
knows any other measure than the metre, and the foot is quite 
unknown.” 

The metric nations are, then, after all, at best only semi- 
metric. Even in engineering and manufacture, they are compelled 
—by a far stronger force than any government—to use the Eng- 
lish inch zn fact, though not in name. The English inch, by the 
sheer force of Saxon supremacy, is the real standard of the world, 
and used by all Europe for screws, bolts, diameters, gas and 
steam pipes and fittings, gauges, taps and similar articles. They 
must call an inch 25 millimetres (and then make it 25.4), and get 
around the screw-thread dilemma by the clumsy phrase of 
“threads per diameter.” They must use bar-iron rolled to even 
inches, and machine it to even millimetres. To follow their 


7 These terms were abolished by law in 1884, but in about the same way in 
which the liquor trade has been abolished in some of the United States. 

7° In Bordeaux, for instance, their wine is still put up in hogsheads (bariques) 
and tuns (tonneauz), as in 1266, and is so quoted in the published price-lists. 
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example in this would, as Dr. Sellers has well said, “furnish a 
precious example of the simplicity of the decimal system.” 

We are told no country which has adopted this system has yet 
rejected it—as if thirty years were sufficient for an experiment of 
this sort, and as if any country would pass a compulsory law as an 
experiment. But more. We are told that “though beforehand 
there were plenty of people to predict disaster, the metric system, 
when once introduced, produced nothing but universal satisfac- 
tion.” ® Both of these statements are utterly and palpably false. 
No one could have made them without either a design to mislead 
the public, or a mind so warped and twisted by intemperate zeal 
as to be unable {o read plain facts when held before them. The 
very first country upon which the metric system was thrust, after 
eighteen years of experience, threw it over at the first opportu- 
nity which presented itself, and it was not till the popular ruler 
had again given place to the autocratic one, that it regained the 
ascendency. As to the other statement, that the people are sat- 
isfied, their voice very seldom reaches our ears, but whenever it 
does, itis the opposite of satisfaction. A Berlin engineer told Dr. 
Coleman Sellers," “ We do not like the metric system, because 
it has too small a unit, and the metre is too large and involves 
the use of decimals.” In countries where the people are satis- 
fied, it is merely because they never use the metric or any other 
system, being, as Mr. J. E. Hilgard says, herders and peasants. 
A fit example of this is in Senegambia, where the metric system 
is compulsory, except for fruits—fruit being presumably the only 
article that needs measuring in that country. 

Nevertheless, as if the people were not sufficiently abused by 
being told they are satisfied, when they say they are not, it is 
even alleged that they are the ones who are animating the move- 
ment, and that it is only his philanthropic interest that leads the 
agitator to speak in their behalf. This is comparable only to the 
efforts of the demagogue in the political arena. ‘ All this,” says 
one,” after detailing the various countries, ‘“‘has been accomplished 
by the pressure of public opinion ; it has been distinctly a move- 
ment of the people and not of governments; it is a social rather 
than a political phenomenon.” What are the grounds for this 
astonishing statement? and from what sources did its author 


© Westminster Review, March, 1889, p. 280. (Italics mine.) 
*! Letter to Philadelphia Ledger, reprinted in ron Age, October 16, 1884. 
@ F, A. P. Barnard, D.D., LL.D., doc. cit. 
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obtain his information? Surely not from the people themselves, 
for even after the blessing had come, it was impossible to get 
them to accept it. If every one wants the metric system, why 
does not every one use it, and why is compulsion recessary ? 
We did not need compulsion in the acceptance of “ railroad 
time.” How is it that, if every one is anxious for a compulsory 
law, not even the daily newspapers deign to notice a bill for its 
accomplishment ? 

But it is being said, and apparently believed, that “the techni- 
cal bodies of the United States” are “ overwhelmingly in favor of 
the system.” What are the facts? The facts are that some, 
but not many, of the minor technical bodies of the United States, 
and two or three, perhaps, of the larger ones, have voted them- 
selves in favor of the metric system, and, in still fewer cases, have 
memorialized Congress for a compulsory law.** Some architects, 
for instance, in 1876, got together and signed a compact agreeing, 
after a given date, to use the metric scale in their professional 
work. It was a miserable fiasco. The Western Association of 
Architects, also, was prominent in a metrical movement, and this 
led to the canvass of its members, in regard to the metric system, 
by the Boston Society of Civil Engineers in 1888.° The ques- 
tions, as regards the metric system, were as follows (41 per cent. 
voting): 

“Is the ultimate exclusive adoption of the metric system in 
the United States desirable?” 71 per cent. voted aye. 

* As to the Society joining in a petition to Congress for adop- 
tion of the metric system for government use?” 60 per cent. 
voted aye.™ 

As a two-thirds vote of the Society was required, and only 41 
per cent. of the members would vote at all, the Society “ declined 
to join with the Western Association of Architects in a petition 
to Congress.” The canvass also brought forth a host of objec- 


*® W. H. White in New York Nation, March 5, 1885, p. 200. 

* The replies to the circular sent out in 1876 by the Committee of the Boston 
Society of Civil Engineers show quite clearly the personnel of the metricists. Of 
the 16 favorable answers received, there were 9 medical societies ; 8 engineer- 
ing ; 1 beiles-lettres; 1 microscopical ; 1 chamber of commerce ; and 1 female 
seminary. 

' ® See Jour. Assn. Lng. Soc., Vol. VII., p. 264. 

* Since this was written (in November, 1896), the Boston Society has again 
canvassed its members on these questions, and a much larger percentage (nearly 
all) of those voting has voted aye. 


| 
th 
i 
4 


THE METRIC VERSUS THE DUODECIMAL SYSTEM. 577 


tions to the metric system, printed along with the report of the 
committee. 

Again, the Engineers’ Club of Philadelphia, in 1878, appointed a 
committee whose report (adopted April 6), while favorable to the 
metric system, contains the following clause : 

“The Committee deprecates the immediate compulsory adop- 
tion of the metric system by state or national legislation, and 
considers that it would be a work of supererogation to attempt to 
compel any class of men, either technical or practical, to adopt it 
to their personal or pecuniary loss.” . 

But the opinions of the engineers of this country are sufficiently 
shown by the action of the two national societies, namely, the 
American Society of Civil Engineers and that which I have the 
honor to address. On the two occasions when the metric scheme 
for compulsory legislation was brought to their notice, they both 
gave it their most emphatic dissent.” 

It is true, unfortunately, that there are some Chambers of Com- 
merce, composed, it may be imagined, of practical merchants, 
who fancy that their trade, or that the country, would be im- 
proved by the adoption, even under compulsion, of the metric 
system. But it should be remembered that these men have never 
had time to devote to the abstract consideration of the question ; 
they have seen, generally, only the arguments which the agitators 
have presented to them; and the metric system, too, is one of 
those things to which distance lends enchantment. But, more- 
over, it is wholesale trade, and particularly that with foreign 
nations, largely involving clerical work, where the decimal sys- 
tem shows its greatest advantage, which advantage in other 
departments of life would dwindle and disappear. 

“See, then, the strange position. The vast majority of our 
population consists of working people, people of narrow incomes, 
and the minor shopkeepers who minister to their wants. And 
these wants daily lead to myriads of purchases of small quantities 


* The action of the American Society of Civil Engineers was in 1876, and was 
due to agitation on the part of the metricists. It resulted, after a stormy debate, in 
the adoption of a resolution the opposite from that originally brought in. I re-| 
frain, however, from here rendering the details (a moral to propagandists), which" 
are published in the Proceedings, Vol. I., p. 321; IL., pp. 61, 85, 173; IV., pp. 5, 7; 
and Transactions, Vol. V., p. 355. The action of the American Society of Me- 
chanical Engineers was the result of Dr. Coleman Sellers’ celebrated paper, read 
at the first annual meeting, 1880; see 7’ransactions, Vol. I., p. 7; Vol. IL., p. 9. 
The final votes were, in the first. case, 102 to 57; in the second, 111 to 24. 

37 
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for small sums, involving fractional divisions of measures and 
money-measuring transactions probably fifty times as numerous 
as those of the men of science and the wholesale traders put 
together. These two small classes, however, unfamiliar with 
retail measuring transactions, have decided that they will be bet- 
ter carried on by the metric system than by the existing system. 
Those who have no expcrimental knowledge of the matter pro- 
pose to regulate those who have! The methods followed by the 
experienced are to be rearranged by the inexperienced!” * 

I have now passed in review the principal arguments which 
are presented why we, as a nation, should adopt (and adoption 
means compulsion) the metric system; including those by which 
it is attempted to be shown that those who think otherwise are in 
a minority ; and no one likes to be in a minority, even if he be 
right. There yet remain, however, some reasons why we should 
not “adopt” the metric system, or rather, not attempt to adopt 
it, for such adoption could result in nothing else than failure. 
Waiving, then, for the present, all those arguments,—granted, for 
the nonce, that the metric system were abstractly perfect, and 
that it had been accepted by the most enlightened of nations 
amid the most popular demonstrations,—it does not therefore fol- 
low that we should adopt it. For to do so would be to make a 
change—a radical change—in a most important and delicate rela- 
tion ; and before we can properly undertake it, it must first be 
demonstrated—TI do not say generally supposed—that the advan- 
tages to be gained more than counterbalance the difticulties and 
inconveniences to- be encountered. But the metricists do not 
seem to have thought of this; they seem to have considered it 
sufficient to demonstrate the smallest theoretic advantages of the 
metric over the existing system. They have forgot, apparently, 
that we do not start with a clean slate. They do not think of 
what we would Jose by such an operation. Among all its disad- 
vantages, if such they are, the present system has the indisputable 
advantage of being already established ; which, in a country like 
this, means infinitely more than it did in any country which has 
as yet adopted the metric system. A few words from Dr. Sellers 
will make this clear in one aspect of the question : 

“ America has, for the last half-century, been striving, in its 
own way, towards equalization of its standard sizes. The immense 


* Herbert Spencer, loc. cit. 


i 
‘ 
| 
| 
: 
q 
i 


THE METRIC VERSUS THE DUODECIMAL SYSTEM. 


railroad industries demand this. Standard wheels on standard 
axles—standard fit sizes for both—are all foumded on an inch 
scale of sizes. . . . A pulley ordered to-day with an eye 
to fit a 24 or a 4-inch shaft made thirty years ago will be found 
to be to size. Now this American shafting sells freely in Europe, 
and no one complains of its size.” 

‘Tt is not an exaggeration to assert that the confusion and loss 
caused by a change of the system of measurement in Russia, with 
her millions of peasantry, would be less than that sustained in the 
city of Philadelphia alone from a like cause.” ® 

The people who desire this change speak of the loss of uni- 
formity with Great Britain—with whom our commerce is greater 
than with all the rest of Europe together—as a mere trifle. They 
say that the loss of English technical works would be exceeded 
by the gain of the French and German. With the language of 
one, and the weights and measures of the other, the majority of 
our technical men would be practically cut off from both. But 
what did Mr. Adams, in his Report to Congress, have to say on 
this subject ? 

“The Congress of the United States have been as earnestly 
employed in the search of a uniform system of weights and 
measures as the British Parliament. Have either of them con- 
sidered, how that very principle of uniformity would be affected 
' by any, the slightest change, sanctioned by either, in the existing 
system, now common to both? If uniformity be their object, is 
it not necessary to contemplate it in allits aspects? . . . Is 
it not worth their while to inquire, whether an imperceptible im- 
provement in the uniformity of things would not be dearly pur- 
chased by the loss of millions in the uniformity of persons? .. . 

“Tf this report were authorized to speak to both nations, it 
would say—Is your object wniformity ? Then, before you change 
any part of your system, such as it is, compare the uniformity 
that you must lose, with the uniformity that you may gain, by the 
alteration. At this hour, fifteen millions of Britons, who in the 
next generation, may be twenty, and ten millions of Americans, 
who, in less time, will be as many, have the same legal system of 
weights and measures. . . . They are of the nations of the 
earth, the two, who have with each other the most of that inter- 
course which requires the constant use of weights and measures. 


® Transactions A. S. M. E., Vol. 1., p. 7; Iron Age, October 16, 1884, p. 13. 
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. +. Precious, indeed, must be that uniformity, the mere 
promise of which, obtained by an alteration of the law, would 
more than compensate for the abandonment of this.”’ 

It has been often said, that if Mr. Adams could have seen the 
wonderful progress which the metric system has since made, he 
would have changed all these ideas, and sent a different report to 
Congress. It is easy to say, after a man is dead, what he would 
have done had he lived, and to attribute to him ideas the opposite 
of those he expressed ; but if we are to judge anything as to the 
present status, from this impartial report, it is this, that had it 
been dated seventy years later, and Mr. Adams had seen the 
infinitely more complicated structure of commerce and manufac- 
ture which exists to-day, he would scarcely have given the idea of 
a radical change his respectful consideration. 

But why so much haste? Suppose (per impossibile) that Great 
Britain should “get ahead of us,” we would be none the losers, . 
We can well afford to wait until she takes the step ; it will be so 
much the easier for us, and we can follow as early as we choose. 
And if we are not satisfied with present arrangements, and must 
have a change on general principles, would it not be as well to 
wait until we can have something better than any existing system? 
That such can be devised there is no doubt. It is said that the 
decision of the metric nations is irrevocable—which is saying a 
good deal. The decision of Great Britain is still more irrevocable,” 
if we may judge by the comparative stability of all her social and 
political institutions. The present British government has long 
outlasted every other on the face of the globe. Its securities are 
more highly esteemed than all others. But suppose this were not 
the case—because those nations have committed themselves to a 
rash and foolish step, does that form a valid reason why the others 
should, like sheep, plunge after them? To do so would be to put 


* If any one is still incredulous on this point, he is invited to the contempla- 
tion of the following reply made to the Metric Convention in 1875, as given by 
H. W. Chisholm, Warden of the Standards (Science of Weighing and Measuring, 
p. 129): ‘‘ Her Majesty’s government have declared that they cannot recommend 
to Parliament any expenditure connected with the metric system, which is not 
legalized in this country, nor in support of a permanent institution ‘established 
in a foreign country for its encouragement. They have consequently declined 
to take part in the convention, or to contribute toward the expenses of the new 
Metric Bureau, and they have directed the Warden of the Standards . . . to 
decline being appointed a member of the new International Metric Committee, 
or to take part in the direction of the new International Metric Bureau.” 
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the climax upon a retrogression unknown since the fall of Greece 
and Rome. 

It is assumed all this while that the adoption of the metric system 
could be accomplished by a mere Act of Congress—that we can, 
if we choose, toss away our liberty as the result of an afternoon’s 
debate, or the report of a House committee; for it is sought to 
make the continued use of our old habits, even of our old words, 
a misdemeanor. ‘There must indeed,’ said Sir Frederick 
Bramwell, “be an extreme superiority of one system over the 
other, to justify an enactment that would cause a man to be con- 
sidered a breaker of the law simply because he chose to make 
his calculations by the old system instead of by the new one.” 
It is in vain for the metricists to say that that is not what they 
seek ; anything less than this would be hopelessly ineffectual. 
But has Congress power to make such a law? and what would the 
judiciary have to say about its enforcement? The authority is 
supposed to be based on a clause of the Constitution, which 
gives Congress power “to fix the standard of weights and meas- 
ures.” But, says Mr. Adams, “it may admit of a doubt whether 
under this grant of power is included an authority so totally to 
subvert the whole system of weights and measures, as it existed 
at the time of the adoption of the Constitution, as would be 
necessary for the introduction of a system similar to that of the 
French nation. To jiz the standard, appears to be an operation 
entirely distinct from changing the denominations and proportions 
already existing, and established by the laws, or immemorial 
usage. And this doubt acquires a further claim to consideration, 
if it be true, as the experience of other nations seems to warrant 
us in the conclusion, that there is no object of regulation by 
human power, in which the prescriptions of a government are so 
difficult to be carried into execution.” 

But Mr. Adams proceeds further. “The doubts entertained 
whether an authority, so extensive as this operation would 
require, has been delegated to Congress, are strengthened by 
the consideration of the character of the executive power, corre- 
sponding with the legislative authority. The means of execution 
for exacting and obtaining the conformity of individuals to the 
ordinances of the law, in the case of weights and measures, 
belong to that class of powers which, in our complicated political 
organization, are reserved to the separate States. The jurisdic- 
tions to which resort must be had for transgressions of this 
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description of laws, are those of municipal police. . . . In 


jiwing the standard, it is believed that Congress must rely almost 
entirely, if not altogether, upon State executive authorities for 
carrying their laws into execution. And, although this reliance 
may be safely indulged in relation to a law which should merely 
fix the uniformity of existing standards, its efficacy would be 
very questionable in the case of a law of great and universal 
innovation upon the habits and usages of the people. Of such a 
law the transgressions could not fail to be numerous ; any doubt 
of the authority of the legislator would stimulate to systematic 
resistance against it: and the power of enforcing its execution 
being in other hands, naturally disposed to sympathize with the 
offender, the whole system would fall into ruin, and afford a new 
demonstration of the impotence of human legislation against the 
laws of nature, in the habits of man.” 

Mr. Adams is not alone in his opinion. Sir George Airy, who 
for thirty years sat at the head of successive British commissions, 
gave to this subject, I venture to believe, a more profound con- 
sideration, probably, than any other man before or since. In the 
discussion of the paper read by Mr. James Yates before the In- 
stitution of Civil Engineers in 1854, and printed in Vol. XIII. 
(page 272) of their Proceedings, Airy gave his opinion as follows : 
“Tn regard to the assimilation of British coinage, weights and 
measures to that of foreign countries, it was difficult to express 
the depth of his conviction that the thing was totally impos- 
sible. . . . The plan was totally impracticable as regarded 
weights and measures, and though not so absolutely impossible 
in regard to coinage, yet it would produce so much inconvenience, 
with so little gain, that it could not be entertained. . . . The 
Astronomer Royal gave his most hearty wishes for the speedy 
introduction of a decimal coinage. . . . But none of the 
characteristics above mentioned applied, in the same manner, to 
weights and measures. . . . Im coinage, it [the decimal 
scale] could be, and ought to be, enforced; but scarcely in any- 
thing else. . . . In most cases it would be perfectly vain: no 
power could make a workman call for three-tenths of a gallon of 
beer, or would make a householder express his divisions of a ton 
of coals by decimal scale ; although in the latter case the decimals 
were provided ready to his hand.” 

Dr. Coleman Sellers speaks for the engineers. “If is in fact,. 
however, so impossible, in view of existing matters and existing 
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harmony in interchangeable matter, that should the metric stand- 
ard be made the only legal standard in America to be used in 
buying and selling, the engineering establishments now in exist- 
ence must perforce use their existing tools and gauges of pre- 
cision, and continue to make material in conformity with existing 
matter.” 

It is charged, even by the impartial, that Dr. Sellers has over- 
rated the difficulty. This is because it is difficult to comprehend, 
as he does from a lifetime of experience, how inextricably we 
are bound to the past, and the enormous momentum of our man- 
ufacturing industries. But on the contrary, he has, in what he 
has said and written, very much underrated it; not because he 
thought of no other, but because he has professed to deal only 
with one, aspect of the question. 

Let us have done, then, with the abstract talk of adopting this 
or that system of weights and measures, before we have consid- 
ered the possibility of relinquishing the present. It is easy for 
the surveyor to talk glibly about measuring his distances in 
metres instead of feet, and the physician of putting up his doses 
in centigrammes. But were the seventy millions now dwelling in 
these United States unanimous in their desire for such a change, 
they would find it beyond their power to accomplish. They 
might cease, indeed, to measure by the old standards; they 
might throw away all their existing scales, rules, measures, 
gauges, screws, taps, and apparatus of every description used in 
every-day life, involving a loss impossible to estimate. They 
might even throw away all their tool-making machinery, and all 
their immense numbers of costly drawings and patterns. But 
they could not change their houses and their lands; they could 
not destroy all their factories and the vast machinery plant which 
they contain, all based on the existing system. They could not 
change their public records, nor could they alter the immense 
literature of all the professions, all based on the foot, pound, 
gallon and bushel. The thing would be beyond ‘all sense and 
reason. It would be necessary to discard all the products of 
civilization, and start again at the beginning. It would: be as 
feasible, and certainly as rational, a proposition, to raze the 
whole southern portion of this metropolis, and lay it out anew in 
blocks of 100 metres, because, forsooth, it was not so laid out in 
the first place. 

Take, as an example, the country about St. Louis, which has 
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been for three-quarters of a century a part of the United States. 
It is here that the arpent is used for land measure, as was men- 
tioned earlier in the paper. I take my account from the reply of 
Ellis Spear, Commissioner of Patents, to the Congressional reso- 
lution of 1877. | 

“The early French settlers of St. Louis and vicinity laid out 
their land in arpents, the common unit for land measurement 
among them. Since that time the territory has passed from 
French into Spanish hands, and from Spanish to our own. ‘ 
But to-day there is scarcely a piece of real estate in the vicinity 
of St. Louis that is not measured in arpents. It is so advertised, 
so sold, and this word lingers in the speech of the people, and 
the area it indicates lingers in their daily transactions with a 
tenacity that nothing appears to shake. Now there is nothing in 
the arpent which makes it a more convenient unit of measurement 
for land than the acre. But its retention under the circumstances 
is something more than a question of mere ‘habit or use. It is 
because all real estate transactions are matters of permanent 
record, and permanent records are only changed with great diffi- 
culty. . . . For a little district of a few square miles along 
the Mississippi River now substitute the area of our nation, with 
its vast estates, its little farms, its villages and town-lots, all 
measured by acres, its great cities in which ground is measured 
minutely down to fractions of an inch, and consider the vast and 
costly records in which the titles to all this property are set 
forth.” But I need not continue. 

“At what time can a railway company afford to change the 
dimensions of the parts of a locomotive engine? At no time, it 
would answer, because the change would require to be simulta- 
neous in the whole stock. It is true that the old dimensions might 
be adhered to, but called by metric names, . . . but this would 
only be an evasion, not a solution of the problem.” (J. E. Hilgard, 
Asst. U. 8. Coast Survey, Reply to House Resolution of 1877.) 

“ Tt is a consideration from which many important consequences 
result,” says John Quincy Adams, “that the proper province of 
law, in relation to weights and measures, is not to create, but to 
regulate.” “The legislator has no power over the properties of 
matter. He cannot give a new constitution to nature. He can- 
not repeal her law of universal mutability. He cannot square the 
circle. He cannot reduce extension and gravity to a common | 
measure. He cannot divide or multiply the parts of the surface, 


} 
1 
1 
q . 


THE METRIC VERSUS THE DUODECIMAL SYSTEM. 585 


the cube or the sphere, by the uniform and exclusive number ten. 
The power of the legislator is limited over the will and actions of 
his subjects. His conflict with them is desperate when he coun- 
teracts their settled habits, their established usages ; their domes- 
tic and individual economy, their ignorance, their prejudices, and 
their wants: all which is unavoidable in the attempt radically to 
change, or to originate, a totally new system of weights and 
measures.” 

Those who advocate the universal adoption of the metric sys- 
tem have reckoned without their host. The whole order of 
nature,—sun, moon and stars,—the earth itself, and the human 
microcosm inhabiting it, are all against them. “There was no 
advantage in extending this system to the whole universe. That 
was, besides, impossible. The national spirit of the English and 
Germans was opposed to it. . . . Meanwhile the good of 
present generations was sacrificed to abstractions and vain hopes, 
for to make an old nation adopt a new unit of weights and meas- 
ures it is necessary to make over again all the rules of public 
administration, all the calculations of the arts—a task to frighten 
reason.” 

Our conclusions, then, briefly stated, are as follows: 

1. That the metric system, evolved by a party of scientisis of 
no practical experience, during a whimsical period of history, was 
the child of metaphysical abstractions, coupled with violence. 
(Pp. 496-504, 511.) 

2. That the French people themselves found they could not use 
it; and that its attempted enforcement led, not to uniformity, but 
to chaos. (Pp. 506-509,) 

3. That, scientifically considered, the metric system was a fail- 
ure; that neither of its units was what they purported to be, and 
that the attempt to make them so has been abandoned as hope- 
less. (Pp. 504-506.) 

4. That the English system, though, like all things in nature, it 
bears the marks of imperfection, the decays of time, and the 
usages of civilizations long passed away, yet in its essential ele- 
ments embodies the wisdom and experience of ages—is, in fact, 
the survival of the fittest. (Pp. 512-518.) 

5. That its slow but irresistible development, unification, and 


* Memoranda for a history of France under Napoleon, by General Count de 
Montholon, written at St. Helena. Cited by Sir F. Bramwell, and printed in Popu- 
lar Science Monthly, June, 1896. See the whole extract, a most interesting one. 


3 


586 THE METRIC VERSUS THE DUODECIMAL SYSTEM. 


spread are in marked contrast to the spasmodic and Jonah’s gourd- 
like growth of the other. (Pp. 518-546.) 

6. That the metre, as a scientific standard, can claim no supe- 
riority over the yard, and leaves us, moreover, without that most 
useful of measures, the foot. (Pp. 547-550.) 

7. That uniformity, like most other things, can be carried too 
far; that to use the same measure and the same weight for every- 
thing would be a wanton waste of the time and energies of 
humanity; that we cannot make Nature uniform, and that the 
best we can do is to make ourselves uniform with her. (Pp. 550- 
553.) 

8. That, moreover, in practice the metric system has generally 
served not to introduce, but to destroy uniformity, by superadding 
new methods, without replacing old ones. (Pp. 508, 548, 555-556.) 

9. That the case of other nations is no precedent for us, who 
already have uniformity in all its essentials ; and that where we do 
not, neither the metric nor any other system will ever be of the 
slightest value. (Pp. 553-555, 584.) 

10. That the decimal divisions, instead of being the greatest 
advantage of the system, are its most irreparable defect; and 
that, of whatever uniformity of division Nature and man are 
capable, it can never be expressed by the number ten. (Pp. 509- 
511, 556-563.) 

11. That the mind cannot think in decimal fractions; that it 
invariably does think in fractions reduced to their lowest terms ; 
and that, consequently, they are as impossible to be got rid of as 
the mind itself. (Pp. 559-560, 561.) 

12. That the saving in the schools, if any, would be slight, con- 
sisting merely of the substitution of the metrical for our present 
tables; that even this could not be realized for generations ; and 
that a prominent educator, with whom an important educational 
body have voted their agreement, has given it as his opinion that 
there would be no real saving. (Pp. 563-564.) 

13. That the scientific nomenclature is the most hopelessly 
unpractical part of the metric system. That, fitted as its terms 
are for the laboratory and the closet, where time is no object, man 
in general, in his present state of development, finds it impossible 
in most cases to distinguish or even to understand them ; but that 
he has refused, and always will refuse, to clog his tongue with 
superfluous syllables. (Pp. 564-566.) 


14. That this scientific nomenclature was precisely the part. 
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most difficult to enfarce in France ; that, in fact, it never has been 
found possible to enforce it; that it was rejected formally by 
some nations, tacitly by the rest, and is even abandoned by its 
friends. (Pp. 506-507, 564, 566, 574.) 

15. That the scientific world had accepted the metric system 
long before any government, except the French and Dutch, had 
noticed it; which is a sufficient indication that, had such a course 
been useful and feasible in other lines, it would have been adopted 
there also. (P. 557.) 

16. That the statements that the bulk of the area and popula- 
tion of civilized nations is metrical, and that our commerce is 
mostly with metric nations, are wholly without foundation ; that 
the flimsy pretense that we cannot please our customers, when 
we are not even asked to make our exports to metric measure- 
ments, is absurd as well as false; and that so far from suffering 
from the competition of the metric nations, it is only since their 
first adoption of the metric system that Anglo-Saxon supremacy 
has been unalterably riveted on the world. (Pp. 566-569, 573.) 

17. That the so-called progress of the metric system has been 
rather a retrogression,—the “ progress of bureaucratic coercion ;” 
that the most backward nations were the first to take hand in it ; 
that they are not those from whom in other things we should wish 
to copy. (Pp. 570-572.) 

18. That, in fact, such adoption has been merely nominal in 
most, or in all cases, except France; that even there the old 
names and the old values are still in daily use, and that the gov- 
ernment finds itself powerless to contend with them. (Pp. 572- 
574.) 

19. That the assertion that the people ever agitated for a change 
of system, besides being baseless, is irrational; because the 
masses of no country or race can appreciate the differences be- 
tween systems ; they use what they always have used, nor do they 
see any reason for doing otherwise, or why they should require a 
law to enable them to do so. (Pp. 575-576.) 

20. That the opinion of practical men generally in America, 
and of engineers in particular, approves the metric system per se 
only in a few cases, and almost invariably deprecates compulsion. 
(Pp. 551, 576-577.) 

21. That we see no signs of the prospective universality of the 
metric system ; that, on the contrary, the metric units seldom or 
never find their way into common use in non-metric countries, 
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while, on the other hand, the English inch is in many things the 
virtual standard of Europe, having fought its way against every 
kind of obstruction; and, in addition, Great Britain, when she 
has taken a step, has always gone in the other direction. (Pp. 
520, 527-529, 546, 574, 580.) 

22. That, waiving all these objections, abstract advantages 
must counterbalance the enormous difficulties of a change, in 
order to imply the propriety of such a step; and that we should 
not be justified in taking it without the well-decided concurrence 
of a majority of our people. (Pp. 535-539, 578-580.) 

23. That the legal and political difficulties of such a step are 
enormous; that it is extremely doubtful whether Congress has 
either the Constitutional authority or the executive power to 
enforce it; that no amount of legislation can change the laws of 
nature. (Pp. 581-582, 584-585.) 

24. That a radical change of the weights and measures of a 
nation, and particularly of our nation, is, in fine, utterly impos- 
sible, and beyond reason. (Pp. 582-585.) Ihave latterly become 
so deeply convinced of its total impracticability, that I have even 
felt, many times, that it seemed like a slur upon the intelligence 
of so practical a body, as that I have the honor to address, to give 
the subject so serious and lengthy a consideration. But, unfor- 
tunately, we cannot avoid the consequences of reckless legislation, 
which now seems imminent, nor the clamor of those, many of 
whom have given the matter scarcely more than a passing thought. 

The metric writers appear, in many cases, almost fanatical. 
They repeat continually the old statements, without even mention- 
ing the counter arguments of their opponents—far less discussing 
them; in most cases, it is safe to say, they have not even read 
them. Among all the numerous papers which I have seen on this 
subject, I remember but two or three, where the arguments against 
the metric system here presented, or any of them, were fairly met 
and discussed.” Even the most candid and best informed of the 


* Unquestionably the best of these is that by J. W. Nystrom, ‘‘On the French 
Metric System ” (J. Penington, Philadelphia, 1876), and those of my readers who 
wish to read the argument in rebuttal are referred to it. Curiously enough, Mr. 
Nystrom is himself unfavorable to the metric system, so that this may be looked 
on as the gift of an enemy. Prest. F. A. P. Barnard, D.D., LL.D., devotes the 
second half of his Address before the University Convocation of the State of New 
York, 1871, to ‘‘ objections to the metric system considered,” being a reply to 
the Committee report. He was evidently a believer in the water cure. In the 
Popular Science Monthly for October, 1896, isa reply by Professor Mendenhall to 
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metricists appear to be ignorant of their existence. Thus Mr. Bal- 
four, in replying to the delegation led by Sir Henry Roscoe, on No- 
vember 20, 1895, said that “the solitary argument which appears 
to have been alleged on the other side is that the existing English 
system is a good gymnastic for the mind ;” and he pronounced 
it “arbitrary, perverse and utterly irrational.” Prof. T. C. 
Mendenhall, too, told the Boston Society of Arts that “its only 
recommendation is that it has been for many years in customary 
or common use. It is irrational in theory, irksome in practice, 
and has been condemned by ali who are competent to speak upon 
a subject of this kind.” * Yet this sweeping condemnation would 
include Sir G. B. Airy, Sir John Herschel, Professor Rankine, Sir 
Frederick Bramwell, Mr. Herbert Spencer, the many illustrious 
members of the British committees, and many well-known engi- 
neers on both sides of the water,—all branded as incompetent. 
“It seems to be admitted,” says another,“ “that the decimal 
division is the only perfect one.” It really appears to be the 
general idea among intelligent men that the only opposition to 
the metric system is based on prejudice. 

Of the minor (and less moderate) writers I can speak but 
briefly. I have already made several quotations from them. 
Here are a few samples :— 

“If we do not adopt the decimal system, we shall deserve even 
greater reproaches than have been heaped upon the workmen 
who destroyed the machinery of Arkwright and his brother 
inventors.” 

“The sturdiest opponent must admit that nothing is to be gained 
by postponement. . . : With a powerful public sentiment in 
favor of the reform, it may still be desirable that some controlling 
voice [é.e. a compulsory law] should give the signal,” etc., etc. ® 


Mr. Spencer’s objections to the metric system ; in which he undertakes to answer 
these objections. Some of them he answers by mere empty assertions, without a 
partgle of proof; others by holding up his hands in blank astonishment and 
exclamation ; others by saying that they need no answer (being, in some cases, 
‘old, very old”) ; the rest (I regret to say) by what almost amounts to epithets. 

Technology Quarterly, December, 1892, p. 312. 

* Bankers’ Magazine, New York, Vol. XI., p. 606. 

*° Journal of Science, July, 1872, p. 298. 

* Paper circulated by Committee of Boston Society of Civil Engineers ; see 
Practical Magazine, March, 1876, p. 71. Of Mr. Fred. Brooks, one of the mem- 
bers of this committee, it is but just to say that he is not a minor author, being 
in fact one of the most active propagators of the metric system that I know of, 
and well equipped for his cause. But this production is a very fair type of the 
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“The distinguished opponents of it (and there are a few such 
left) write rather bitterly, and with an evident sense of working 
for a lost cause, when they appear against it.” If it is true that 
they “ write bitterly,” it may be from a sense, not of a lost cause, 
but of the calamity which would befall the country, should such 
a law as is proposed ever reach its enforcement. I could quote 
a score of such phrases from my notes and from the writings to 
which I have referred. 

Then it i8 charged that those who speak against the metric 
system—Dr. Sellers, for instance—are “ interested parties.” No 
one whose interest is involved is to be allowed to say anything. 
“To the teacher, the scholar, or the professional man, the intro- 
duction of the metric system is of the least consequence.” It is 
only they, therefore, who can decide it impartially ; they only can 
see that “it is the practical man only who will reap the great 
advantage from the simplification of processes of estimates which 
result from the metric system.” * But he cannot decide this for 
himself. It has been said, however, and with some justice, that 
‘the experience of men, as expressed in their systems, is a more 
cogent and conclusive fact, at least to a philanthropist, than any 
superinduced state of commerce can possibly be.” ® 

Our government in this country is neither socialistic, nor pater- 
nalistic. We are not accustomed to government intermeddling 
in private affairs, and such would be sure to experience strong 
resentment. “It has ever been the practice of the Anglo-Saxon 


people to make laws in conformity with customs, not to create 


customs by compulsory laws.” 

It may be asked what course I should recommend to Con- 
gress, since I decry the metric system. I find this paper has 
now extended to so great a length that I have no space to devote 
to this branch of the subject. But I could hardly do better than 


extravaganza we find, and I only wish space would allow me to quote the r@t of 
it. Mr. Brooks insists that I have spoiled the sentence by clipping off its pro- 
visional clause, ‘‘One of the commonest remarks that we hear is that its adop- 
tion is only a question of time ; if that is the case, the sturdiest opponent,” etc. 
As the ‘‘if” is there proved to be no if but a fact, ] cannot see how this omis- 
sion alters the sense. ; 

* W.H. White in New York Nation, March 5, 1885, p. 200. 

%® Minority Report of Franklin Institute Committee, J. Frank. Inst., Vol. Cl., 
p. 381. 

® J. M. Clark in Transactions A. S. OC. E., Vol. XI., p. 408. 

100 J. E. Hilgard, loc. cit. 
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to repeat the parting warning of John Quincy Adams in 1821 
(which seems to have been forgotten): “If there be one conclu- 
sion more clear than another, deducible from all the history of 
mankind, it is the danger of hasty and inconsiderate legislation 
upon weights and measures.” And if there is to be a compul- 
sory law of any kind, let it be one compelling our national legis- 
lature to leave this matter completely alone, until we can have it 
decided by a competent and practical commission appointed for 
the purpose, and. let us not be kept in a state of perpetual perspi- 
ration on account of untimely appeals and memorials. Such a 
commission would scarcely be competent to recommend any 
change, unless it were made international with Great Britain; 
and I see no reason why it should not be. For the present, we 
can get along well enough, as we always have done, and managed 
to obtain almost universal uniformity among ourselves without a 
single law or penalty on the statute-book. 

The author of this paper is well aware that he can lay but lit- 
tle claim to originality ; he has borrowed freely from others, his 
aim being rather to present what should be useful, than what 
was necessarily new; both in a historical way, and also a clear 
statement of the arguments adduced on both sides, and their 
respective merits. Neither can he claim impartiality ; although 
no facts have been consciously suppressed, the whole paper is 
one long argument; the merits of the case appearing too clear to 
his mind to admit of doubt. Nevertheless it is with considerable 
diffidence that he presents this paper for criticism, knowing in 
advance that this is not the fashionable side in these days; and 
that not even world-famous men, who have spoken on the sub- 
ject, have escaped the accusation of prejudice, unprogressiveness, 
misoneism, old-fogyism™ and many similar isms. To such a 
charge, his only answer could be to say, that the conclusions just 
set forth are such as he would once scarcely have deemed tenable ; 
and to express the conviction that, notwithstanding all the theo- 
retic beauty of the metric system, evolved by so much labor and 
at the expense of so many disappointments, the experience of 


Mr. J. W. Nystrom, writing to the Franklin Institute (Jowrnal Franklin 
Institute, June, 1876, p. 385) in regard to their famous report on the metric sys- 
tem, assures them that ‘if adopted as it now reads, it will stamp a mark of old- 
Sogyism upon the Franklin Institute, which can never be wiped out, and wnder no 
consideration can that report accomplish the effect intended by its authors.” The 
report was adopted. 
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mankind has proved, that it is no more worthy of universal 
acceptation, as a system fitted to mankind and to their every-day 
wants,—far less to be forced upon them to the exclusion of all 
others,—than the philosophical scheme of Hegel, who built his 
universe out of abstract ideas,—a mere metaphysical cobweb spun 
out of the brain of a philosopher. 


Note on the Roman Weights and Measures (p. 517).—Mr. Adams says that the 
scale and metrical pounds were the pondo and the libra; that 80 pondo of wine 
made an amphora, and 16 librae of wheat a modius ; and he quotes from Arbuth- 
not the ratio of the libra to the pondo as 84 to 100. But on this point Mr. Adams 
is certainly in error ; as is easily seen by the fact, that his statements are contra- 
dictory. For an amphora of 80 pondo of wine would weigh 95 librae ; and as 3 
modiit made an amphora, the amphora of wheat would weigh only 48 /ibrae, which 
would make wine nearly twice as heavy as the same volume of wheat. The fact 
is, that as applied to weight, the /ibra was identically the same with the pondo ; 
the latter being, in fact, nothing more than an adverbial locution meaning ‘‘ by 
weight,” and libra being tacitly understood, It was only as applied to money 
that it came to mean anything different, viz.,a coin, which varied in weight 
according to the pecuniary needs of the ruling power. 

But Mr. Adams’s chief source of error is a misconstruction of the Silian law 
(of B.C. 244), which says, ‘‘ Sextarius aequus aequo cum librario siet, sexdecim- 
que in modio librarii sient ; i.e., sixteen librarii, not sixteen librae, make a 
modius. The librarius is an almost unknown weight, and is apparently never 
mentioned by classical writers, so that it must early have disappeared from use, 
being replaced by the Jibra (the Romans preferred the duodecimal division), We 
can, however, arrive at its ratio to the libra by the following considerations. 
Pliny has given a list of the weight of various average samples of wheat from 
different portions of the empire, varying from 20 to 21} librae to the modius ; his 
average is 250 wnciae, or 203 librae. But as this was equal to 16 librarii, there- 
fore a librarius was equal to 47°, or practically $, of a libra, that is, 16 wnetae. 
Hence, as the Roman wuncia is the avoirdupois ounce, the librarius is therefore 
the avoirdupois pound, which thus reappears on the stage of human affairs as 
mysteriously as it disappeared shortly after, and again reappeared in later ages. 

Again, taking Pliny’s average, an amphora of 3 modit filled with wheat would 
weigh 3 x 203 = 62} librae; which is the number of pounds of water in a cubic 
foot, or of librarii of wine inthe same amphora, and may suggest a reason why 
this number has been substituted in our own measure for the more proper and 
convenient 64. 


As regards the subdivisions of the Roman weights and measures, the Jibra | 


(= 12 ounces avoirdupois, nearly) was divided into 12 unciae, the uncia into 3 
duellae, 4 sicilici, 6 sextulae, or 8 drachmae ; the sicilicus into 12 oboli ; the obolus 
into 12 lentes (there were also a few other denominations). The pes (foot = 11.60 
English inches) received a similar division into 12 unciae ; but by another mode, 
into 4 palmi; the palmus into 4 digiti; the digitus into 4 grani. Five feet 
were a passus, and 1,000 passus a mille passwum, or mile. 

The unit of liquid capacity, the congius (= 207 English cubic inches), was 
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divided into 6 sextarii ; the sextarius into 2 heminae, 4 quartarii, 8 acetabuli, or 
12 cyathi; the cyathus into 4 ligulae. 2 congit were an urna, and 8 an amphora. 
The unit of dry capacity, the modius (= 552.2 cubic inches, almost exactly 1 Eng- 
lish peck), was of 16 sextarii ; the sextarius and its subdivisions were the same as 
for liquids. 3 modii were considered equal to an amphora, which, however, was 
called trimodium in dry measure. 

With regard to time, they divided their day, of course, as well as the night, 
into twelve hours, and even their hours, like their pound, into 12 wneiae and 48 - 
sicilici. But the night generally was of 4 watches. (See Arbuthnot, Ancient 
Coins, Weights and Measures.) 

In glancing over these numerical relations it is instructive to note how the duo- 
decimal division, though not complete, has gained a very decided supremacy over 
every other. The numbers 2, 3, 4, 6 and 12 embrace the great majority of the 
subdivisions. Nevertheless the octonary system crops out in places, and in the 
English system seems to have got the upper hand in many respects. A good exam- 
ple of this is the English division of the inch into sixteenths, whereas the com 
mon continental and older English division is into 12 lines and 72 or 144 points. 
In fact the whole history of weights and measures presents a contjnual struggle 
for supremacy of these two systems, in which the decimal system cuts no figure 
worth mentioning, except for coinage, as among ourselves. Yet the Romans had 
their denarius of 10 asses, the Greeks their mina of 100 drachmae, weights for 
money and a few other special cases, which they might have used for all, had it 
been convenient. Nor can it be said that this did not occur to them ; nor that 
the decimal division did not have a fair chance ; for decimal systems in past his- 
tory have occasionally sprung into existence, lived for a while, and died, while 
the duodecimal and octonary have remained. Thus, the ancient British division 
of 10 fathoms to the chain, 10 chains to the furlong, and 10 furlongs to the mile 
(see Encyc. Brit., Vol. XXIV., p. 484), which existed before the tenth century, has 
utterly vanished, having been ‘“‘driven out by the 12-inch foot.” Even our mod- 
ern chain, invented in the seventeenth century by Gunter, for a purpose to which 
the decimal division is specially applicable, is fast disappearing, being replaced 
by the 100-foot tape ; because, although it fits very nicely with the square meas- 
ure, it does not fit at all with the linear, and yet has had no influence whatever 
in altering the latter. . 

It is quite true that the eastern nations, China and Japan,—nations till 
recently outside the pale of international commerce,—are said to use a decimal 
system; but its regularity, etc., furnish a strong suspicion of its having been 
tampered with by governmental authority, as our system has in Europe. It 
would be, at all events, fitting to wait until we can know definitely its origin and 
its success as a system, before drawing any conclusions whatever from this as to 
ourselves, 


DISCUSSION. 


Mr. William Kent.—This is the first attack on the metric 
system that has been brought to my attention in the last fifteen 
years, and I am surprised that it should have emanated from 
Boston, where the Society of Civil Engineers of Boston have 
38 
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declared themselves in favor of that system.* I am surprised, 
moreover, that it should have emanated from a young man, a 
recent graduate, I suppose, from a technical school, where the 
professors are, with some exceptions, bound to cram the metric 
system into everybody. It was drilled into me by the professors 
in the high school, and I got some of it in college, and when I 
graduated I do not know but that I was something of a metric 
crank. About sixteen years ago, when I lived in Pittsburgh and 
was a member of the Engineers’ Society of Western Pennsylvania, 
the president of that society, Mr. William Metcalf, came to me 
and said: “I want you to write a paper against the metric 
system. These people are coming here and trying to upset our 
business.” I said: “I don’t see how I can write a paper against 
the metric system, for I am already on record in favor of it.” 
“Well,” he’ said, “I don’t care whether you are on record in 
favor of it or not; but you go ahead and write a paper either in 
favor of it or against it, and that will be what we want—to draw 
out discussion.” So I began writing a paper on the metric system, 
which was printed in the 7ransactions of the Engineers’ Society of 
Western Pennsylvania, Volume L And as I did not want to write 
a paper out of my inner consciousness, I went to the documents. 
I took the reports of John Quincy Adams and the congressional 
report of 1879, and the result was I wrote a paper on the metric 
system, in concluding which I expressed an opinion similar to 
that of Ensign Stebbins on the Maine liquor law: I was in favor 
of the law but against its enforcement. I then took the stand 
that it would be easier to teach all the world one universal lan- 
guage than to teach the artisans of the English-speaking races to 
dispense with the two-foot rule and the English inch. Every year 
or two I get a petition for me to sign and send to members of 
Congress asking that the metric system be adopted ; and the last 
petition that came in was for the compulsory enforcement of that 
system. There has been a propaganda established in this coun- 
try, composed mostly of college professors, of closet philosophers, 
and of men who have been educated abroad, and with whom the 
metric system has become part of their life. These men, for ten 


* This is not the first heresy that has emanated from Boston. Mr. A. B. Tay- 
lor, an advocate of the octonary system, was from Boston, and Mr. J. W. 
Nystrom, C. E., inventor of the ‘‘ tonal” system having 16 for the base, says, 
**I suppose I must follow the track of Mr, Taylor, and go to Boston to get my 

‘tonal system appreciated.” 
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or twenty years or more, have been petitioning Congress and have 
been trying to educate public sentiment in favor of the metric 
system. They have failed to create the public sentiment, and are 
now trying surreptitiously to have this compulsory law passed 
without the people’s knowledge. It is high time that a propa- 
ganda be established against the metric system, and fortunately it 
is going to be a very easy matter to do it. All we have to do is 
to see that this paper of Mr. Colles’ is printed and reprinted for 
the next ten or twenty years, and put into the hands of every 
congressman and senator. If any congressman studies this paper 
he will never then try to pass a compulsory law in favor of the 
metric system. 

Dr. Leonard Waldo.—I rise also to confession. I used to be 
wholly in sympathy with those to whom Mr. Kent so disrespect- 
fully and irreverently refers, and I was from time to time a mem- 
ber of committees for the propagation of these reformatory doc- 
trines. There are precedents for changing one’s views as to the 
desirability of compulsory shop use of the metric system. The 
earth itself was the first to get out of the scrape. As soon as she 
found that her dimensions were inextricably mixed up with the 
metric system, she changed them, and she changes them every 
year ever since lest she should be again cornered in that way. 
Tamof that large class whose foot is divided into twelve inches 
and whose inch is divided in tenths, hundredths, and thousandths. 
I am very grateful to the two-foot rule, but I would like also to 
have an edge of it with tenths of inches, so that when a man gets 
a sheet of metal or wrought iron or tube sent to him we will 
have some means of knowing just exactly what the man does 
want. Next toa petition in favor of the compulsory use of the 
metric system I think I dislike most receiving a petition to advo- 
cate a new gauge. We all of us havea beautiful record of gauges 
which accomplish various difficult things. I think it was Sir 
Joseph Whitworth who said that if the metric system had got to 
come, make the metre forty inches long and divide it into 400 
parts ; a suggestion which rather grows on one as he thinks of it. 

Mr. Robert N. Fairbanks.—Before this paper is printed and 
reprinted so many ‘times, | would suggest that a good many of 
the palpable errors in it be corrected. In the first place, on page 
535, the writer has to go away back to 1877 to get reports from 
the departments in favor of the duodecimal system. If the 
writer had taken the reports from the departments last year and 
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the year before he would have found that only one department, 
and that the Department of the Interior, had reported adversely 
to the metric system. All the others favored the adoption of the 
metric system in the United States. 

On page 542 the statement is made that the Republic of Mexico 
is extending the metric system, implying that it is not in use 
there. The facts of the matter are that during the last year the 
Republic of Mexico has adopted the metric system and enforced 
it. The enforcement was attended with no prejudicial results to 
the commerce of the country. As soon as the people saw that 
the matter was going to be enforced they took it up. It was car- 
ried out by the government, and there is at present no State in 
Mexico where the people are not doing their business by the 
metric system and employing it for all their transactions. My 
remarks are based on personal observation within the last two 
months. 

On page 545 it states that no country has adopted the metric 
system for the past twenty years. I may refer to the Republic 
of Uruguay, which adopted the metric system and passed a very 
complete and successful law on the subject in 1893. 

On page 568 all the countries in the right-hand column are con- 
trasted with the countries in the left-hand column which are 
using the metric system. In fact, those in the right-hand col- 
umn are using at least three different systems, and the systems 
of the West Indies and Japan and Russia and the Philippine 
Islands and Denmark are all of them different from the English. 
So that there is no basis at all for comparison of the totals of the 
two columns as representing the metric and the English systems 
respectively. 

Then, at the bottom of page 568, it is stated that “ Central 
America, Spain, Venezuela, Dutch East Indies, Chili, Colombia, 
Uruguay, Egypt and Peru are metric countries either only in 
name or only for some special purpose.” The fact is that in 
Uruguay no other weights and measures except those of the 
metric system are used at all, and that in Central America, Chili, 
and Colombia no weighing machines, for instance, are allowed 
unless they use the metric system. 

Mr. Ed. J. Willis—No one familiar with shopwork would 
probably recommend the adoption of the metric system in the 
shops of this country. But there is a tone in the conclusions of 
this paper to which I would like to call attention. Our Society 
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was treated very courteously in France. [was not among the 
party, but I know that I went over there as a member and 
received every courtesy. I think that the first conclusion of this 
paper sounds a little unfortunate: “ That the metric system was 
evolved by a party of scientists of no practical experience, during 
a whimsical period of a whimsical country, and was the child of 
metaphysical abstractions coupled with violence.” I do not think 
it is necessary for the Society to publish conclusions like the above. 
The question should be discussed on its own merits, and such 
references as the above avoided. 

Mr. A. L. Rohrer.—I am inclined to think that there are two 
sides to this question after all. If we consider our own business 
in this country, perhaps the question need not be discussed, and 
we would be willing to hold to our own institutions and to our 
own ideas ; but if any gentleman here present has had occasion to 
sit down and scan drawings which are dimensioned according to 
the metric system, I think he would realize that there is a little 
more in this than we would at first think. It so happens that in 
my experience I have had occasion to exchange drawings with 
factories in France and Germany, and have almost come to the 
conclusion that if these countries found that they could make the 
change and get along so easily with the metric system, that there 
might be some advantage in it for us. 

This paper which we have just heard read, has been very well 
prepared, and there are evidences of a careful study of the ques- 
tion, yet I think it merits a little more consideration than we have 
given it to-day. I would very much dislike to have the Society 
at the present time go on record as being opposed to the intro- 
duction of the metric system in the United States, inasmuch as 
there are practical sides to the question. 

Some time ago, in discussing this matter with a gentleman who 
happened to be in France, in Germany, and in Switzerland, em- 
ployed in factories there when the change was made, he stated that 
the change from one system to the other was accomplished with 
very little inconvenience. They knew far in advance that it was 
coming and were well prepared for it, so that the workmen 
accommodated themselves to the new system much quicker than 
they had anticipated. No doubt this would be our experience 
here, if the change should ever be made. 

As I have stated before, if we had no business relations with 
the countries using the metric system, if we did not work to each 
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other’s drawings and specifications, it would not, perhaps, be of so 
much importance to us. I disagree with some of the speakers 
that the question is entirely theoretical. The colleges and college 
professors, perhaps, as a rule, might be in favor of it, but I think 
we can find practical men who are also inclined to favor it. 

Some of the tables which have been prepared by the author of 
this paper I think might be modified slightly. On page 567 I no- 
tice that in the right-hand column countries are mentioned which 
are not of great commercial importance. For instance, China with 
405,000,000 ; British India with 221,000,000 ; or a total of 626,000,- 
000, which, if subtracted from the total of the column, 911,000,- 
000, would leave 285,000,000 as the population of non-metric 
countries. In the left-hand column we might, for the same rea- 
son, omit Turkey with 32,000,000, which, if subtracted from the 
total of 279,000,000, would leave 247,000,000. The difference 
between the two columns would amount to very much less. I 
notice that the writer has placed Russia in the non-metric column. 
I have been informed that the metric system is used to considerable 
extent in the manufactures throughout that country, although it 
is not enforced legally. The railroads, which are patterned essen- 
tially after our American system, still retain the two-foot rule, 

I am not ready, as yet, to put myself on record as favoring the 
introduction of the metric system into the factories of this country ; 
but I really think it of sufficient importance to give the matter 
careful consideration before the Society places itself on record, 
either in favor of or against. 

. Mr. F. H. Richards.—It happened that I was in France with 
the engineers’ touring party in 1889, and that I found that halves 
and quarters were then spoken of quite as freely as tenths and 
multiples of tenths, among the common people that we had to do 
business with in going to and from the exhibition. It seems to 
me there are two very important points in this matter: one is 
' practical and one is legal. Since the time of Mr. Kent’s paper 
(which I have no doubt would be very interesting in connection 
with the present one) there has been a very illuminating decision 
made by the United States Supreme Court on the inability of the 
government to tax the income from real estate, and it seems to 
me the same doctrine applies here. Iam one of those who believe 
that the Federal government of these United States has no legal 
power to fix any standard of weights and measures except in its 
own affairs and its own departments. I have talked with some 


THE METRIC VERSUS THE DUODECIMAL SYSTEM. 599 


of our congressmen in New England and f find that almost uni- 
formly they agree with me. Last winter I was told that it was 
' the sense of Congress at that time that it had no power to substi- 
tute one system of weights for another; but if they found the 
people using one kind of measure Congress could fix the standard 
of that measure, so that all the people throughout the United 
States might do business on the same basis. I speak of that 
because this congressman is a man who is very well known. 

One thing we sometimes forget in discussing the so-called 
metric system is that the metric system is not a decimal system at 
all except incidentally. We might have any number of decimal 
systems. -We might have something better or something worse 
than the present metric system. What distinguishes the metric 
system is not the decimal feature but its peculiar standard, and 
although that standard has made a great deal of trouble already, 
I should like to see some improvement in the present English sys- 
tem of measures. In the English standard we have one which 
seems to me to need no improvement. It is about as definitely 
fixed as it is possible to fix any standard, but even if I was an 
advocate of the adoption of the French metric system, I would not 
feel at liberty, as a citizen of the United States, to sign a memorial 
to Congress to adopt a system to displace the one now used, or 
to restrict the freedom of American citizens in the use of any 
standard they pleased. Congress, as I understand it, has not the 
power under the constitution to adopt, much less to enforce, 
any such law. 

I merely want to add to what I have said that I think the 
experience of some of our engineers who have gone to France and 
Germany to take charge of manufacturing there may be interest- 
ing. They have found that in a very short time they lost sight 
entirely of the two-foot rule and of eighths and sixteenths, and 
are able to go along with the metric system without any difficulty 
whatever. We have, in a few cases, sent workmen over there— 
ordinary mechanics—and while I have not discussed the matter 
with them, I have learned incidentally that they had no difficulty 
in changing from one to the other, although they had the eighths 
and sixteenths thoroughly fixed in their minds ; so that I think 
we can say that the practical difficulties would not be so great as 
some suppose. 

Mr. Gus C. Henning.—I do not wish to advocate either system, 
for the reason that we are not ready to do anything, anyway. 
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But there are several conclusions and tables given which ought to 
be criticised. One of these conclusions I would like to call par- 
ticular attention to, and I wish to ask where at any point you can ° 
find evidence that the English inch, as stated in conclusion 21, 
page 587, is the virtual standard of Europe. 

I know I have seen Brown & Sharpe’s inches over there as 
curiosities of perfection of American workmanship. I have been 
abroad some, but I have never heard of the English inch being 
used as a standard in any of the countries that I have visited 
except, of course, England. 

Mr. Schumann.—I desire to correct a statement on page 577 
which implies that the Engineers’ Club of Philadelphia took 
action unfavorable to the adoption of the metric system. But 
Philadelphia, being a little slow, required eight years to recognize 
the fact that the world was becoming more cosmopolitan, and 
within the last year, resolutions have been adopted by the above 
club favoring the metric system. The discussion at the time 
brought out the fact that but few men then operated with duo- 
decimals, such as sixteenths or eighths. Nearly every one had 
adopted a decimal subdivision of some kind. 

Whether we use 36 or 37 inches as a unit is immaterial, although 
the tendency is toward a uniform standard which will be adopted 
throughout the world sooner or later. 

Prof. Jno. EF. Sweet.—Just one word in regard to the way 
the thing works in practice. We have recently taken a contract 
to do some work for a large concern in Belgium. They sent us 
drawings, and the studs were marked 19 millimetres in diameter. 
The drawings did not give the pitch of the thread, so we sent for 
a French tap to make our studs correspond with theirs. They 
wrote back that 19 millimetres meant nothing more or less than 
a three-quarter-inch Whitworth tap. 

Mr. Gus C. Henning.—The very title of the paper is incorrect 
and misleading, as it should read: “The Metric versus the Eng- 
lish system.” It is improper to call the English system the 
duodecimal, because the two have no similarity ; and while the 
latter is of great service, symmetry, and beauty, and is rational, the 
former is just the reverse, being, in my judgment, arbitrary, incon- 
gruous, irrational, clumsy, and not even uniform in England proper. 

The argument on page 564 that the metric system cannot be en- 
forced among the people because of its absurd or difficult nomen- 
clature is not sound ; it is not necessary to use or apply the names 
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of higher multiples of the unit standard any more than we use 
the names “double eagle” or pounds, shillings, and pence; for we 
use the dollar to any amount, as the British invariably drop the 
names, merely saying five, seven, and six, when he means five 
pounds, seven shillings, and sixpence ; what have names to do 
with bookkeeping, as suggested on page 565 ? 

But let us examine the table on page 567 from a reasonable 
point of view, on the basis of the only possible proper compari- 
son. The author compares population of metric and non-metric 
nations and includes all peoples whether Indians, barbarians, or 
anything else, instead of comparing such peoples only who have 
“standards” of any kind. 

It is a well-known fact that in China weights and measures are 
almost unknown among the people, and that each governor has 
the royal prerogative of establishing his own values. In India 
conditions are’ similar, and comparing the population of peoples 
and that part thereof who habitually use weights and measures, 
this table should read as follows : 


1x 
Metric. 


Non-metric. 


United Kingdom............. 

30.947 | Philippine Islands............ 


Newfoundland and Labrador. . 0.202 
4.307 


The table in this rational form puts a totally different aspect 
on the question, and the conclusion, top of page 568, must be ex- 
actly reversed. In civilized Russia the metric system is in use 
as well as in all international relations and matters, hence it is 
dropped from the table altogether. 

The tables on page 569 are equally misleading, as a vast propor- 
tion of commerce of metric countries is carried by ships carrying 
the British flag, although not properly British tonnage, as given 
in Commercial Year Book. The figures given are used for a 
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Germany............. ....... 49.428| British India................. 5.000 
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definite purpose, without discrimination or proper knowledge of 
their bearing on the question discussed. 

Our own consuls have reported frequently that our foreign 
commerce is seriously hampered by our failure to use metric 
standards, and will not assume proper proportions until they are 
generally introduced. In trade the seller must suit himself to 
the buyer. 

Now, while the author has carefully rehearsed all attempts to 
introduce the metric system in Great Britain, the United States, 
and France, he totally ignores the successful, rapid, and peaceful 
change made in Germany, where it has taken only one generation 
to almost produce oblivion of-all previous systems, in spite of his 
assertion that the English inch is still the only standard. Of 
course, when explaining to English-speaking persons what 19 
millimetres means, he will always—remembering their unfamili- 
arity with the metric system—say “about one ineh;” but they 
never use any such measure, nor can one be found. As to the 
common people, who from childhood hear of nothing but metres 
and kilos, they use no others, in spite of the author’s statements 
to the contrary, as I have learned through personal experience. 
Why does not the author explain how little friction has occurred 
in Germany, the most important metric country? He carefully 
omits all of these facts, while he makes much of the troubles had 
' in France during a period which is unique in the history of the 
world. 

When a German speaks of his “schoppen bier” he means a 
particular vessel rather than quantity ; but the fact is that he 
rarely uses this term, as the term one-half liter is much more com- 
mon, and all glasses and jugs are thus marked. If the author 
gives prominence to “ pfund,” “ zoll,” “ strich,” etc., etc., why does 
he not call attention to the absurdity of the 40 various bushels, 36 
yards and ells, 12 hundredweights, 7 stones, etc., etc., in common 
use in Great Britain? He should at least have been just and 
fair and not exaggerate, as he does throughout the paper, and the 
assertions made by his friends, one of whom states that he “ thinks 
in measuring distance they use the word league in France,” are 
not worthy of credence, as the kilometer is in universal use even 
in Germany, although old people will still talk of “ stunden” 
(hours), never having lost the habit of thinking of distance by 
time required to reach the same afoot. I do not think that such. 
statements should stand unchallenged. 
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Now let us look at the 24 conclusions drawn by the author. 
Nos. 1, 2, 4, 5, 7, 8, 11, 12, 13, 15, 16, 17, 18, 20, 23, 24 are, in my 
judgment, either wholly or partly erroneous, based on lack of 
information, false statements of others, or incorrect knowledge. 
No. 19 is partially wrong, for in England the various Boards of 
_ Trade are constantly agitating the simplification of weights and 
measures due to friction and trade causes by lack of uniformity. 
No. 20 is only true in non-metric countries, because in France, 
Germany, etc., etc., all industries and trade are carried on by the 
sole use of the metric standards. No. 21 is only partly correct, as 
it is not true that the English inch is at all used as a standard in 
metric countries. No. 23 is very questionable, as proven by Ger- 
many, where political difficulties did not arise and legal difficulties 
were readily adjusted. No. 24 is unwarranted, as it cannot be 
said that the introduction of the metric system in this country 
“is utterly impossible and beyond reason” until it shall have 
been tried. 

Mr. Geo. W. Colles.*—There have been a number of criti- 
cisms made, and in order to treat them all I shall have to be 
brief in my answers. I would premise, however, that some of 
these criticisms are already answered in the paper, as will be 
found on a more careful perusal. For instance, it seems to have 
been supposed that the conclusions on pages 585 to 538 were 
intended for arguments, whereas they are intended only for a 
syllabus of the paper, as presented on the previous pages. In 
order to make this clear, I have appended to each conclusion the 
pages to which it principally refers. Other criticisms are based 
on a misconception, and I have been made to say what I never 
did say. 

Several of the criticisms refer to my tables on pages 567 to 569. 
These tables were prepared to refute the statements which are 
being made and circulated by metricists, mentioned on page 567, 
to the effect that the bulk of the world’s population and com- 
merce is metric; and they do refute them. They do more than 
that, for they prove in each case that the Anglo-Saxon races, 
which all use practically the same measures and language, control 
the population and commerce of the world. Everything proved 
besides is supererogation. Mr. Rohrer thinks that I should omit 
China, India, and Turkey from the table of page 567. If you start 
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to doctor figures you may make them read almost anything you 
please. I don’t know why you should omit China, I’m sure, 
unless it’s because you don’t think the people there are civilized 
enough to be classed as population. It is to be observed, how- 
ever, that vast hordes are included in almost every country on 
the left-hand side, who, if they ever heard of the metric system, 
certainly do not use it, and a large portion of these probably less 
civilized than the Chinese. When you cut out all these, you 
might find the ratio to stand worse from a metric point of view 
than it does now. This table is not a census; it is a plain com- 
mon-sense average, Which cannot be expected to give more than 
a general idea. Everybody can see how it is made up; and if it 
doesn’t accord with his views he may alter it to suit his fancy. 

The table on page 568, which is of more importance, is intended 
to show where we must use metres, and where we may use yards 
in our foreign commerce. I believe there is but a very small por- 
tion of our exports in the metric column where we do in fact use 
metres. For instance, according to Dr. Sellers (p. 579), our Ameri- 
can shafting sells freely in Europe, and no one complains of its 
size. I have already shown (p. 574) that our sizes are used in 
other things also. Mr. Fairbanks takes exception to the countries 
named at the bottom of page 568, because of what is not allowed 
there. It was because of what is not allowed there that I put 
them on the left-hand side of my table, but it was because of 
what is used there that I made a separate collection below. To 
call some far-away land of llamas and gauchos a metric country, 
because the metric system is used in the custom-house, as is the 
-case with some of these, is ridiculous. 

It has been stated that Russia uses the metric system in some 
cases ; which, you know, cannot be, because it is not yet legalized 
there, which, according to the metricists, is necessary before it can 
be used. Russia does, however, use the metric system for some 
purposes, and so does the United States. If you take one you 
must take the other. This allegation of Russia shows what a 
sham all this metric argument is. 

Mr. Fairbanks says I had to “ go away back to 1877” to get 
reports from the executive departments in favor of the duodeci. 
mal system, and that, if I had taken the reports of the last two 
years, I would have found only one department adverse to the 
metric system. Now, in the first place, I did not go back in order’ 
to get those reports; they are a part of the subject which I began 
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at the beginning, and I took them in as I passed along. The quo- 
tations from those reports were given for two reasons: first, 


because, as stated in note 46, misrepresentations have been made 
concerning them; and second, because they present very strong 
arguments against legislation favorable to the metric system. 
The criticism that I did not insert the more recent reports is a 
fair one; they were not printed in the report of the House Com- 
mittee, but in a secondary pamphlet, which missed my attention. 
I have remedied that omission. But let me say that these last 
replies from the executive departments are but very fragmentary ; 
only eleven replies were received, and but eight generally favor- 
able, or only two more than in 1877. These replies were not to a 
resolution of Congress, but to letters from the Coinage Committee, 
and I think it ought to be explained why we haven’t heard from 
the other departments, particularly those which proved so refrac- 
tory in 1877. I do not, of course, wish to be understood as pinning 
my faith to that of the government officials. 

I should be sorry to be thought to resort to epithets in place 
of arguments, but I think Mr. Willis’s criticism of my first con- 
clusion is due principally to his not having read the paragraphs 
on which it is based. Surely no one can read that history impar- 
tially and say that that conclusion is not justified. My phraseology 
was chosen advisedly, and after much reflection I see no reason 
for altering it, except in one particular, which, as it was not prop- 
erly a deduction from the paper, I have expunged. 

What I said about the Engineers’ Club of Philadelphia (p. 577) 
was that their committee’s report was /avorable to the metric sys- 
tem. That report was quite elaborate; but the more recent reso- 
lution of the club was brief and said nothing about compulsory 


adoption. 


There has been some misunderstanding of my conclusion 21, 
owing to insufficient emphasis of the word “ virtual.” I did not 
mean that the term “inch” is used to designate that magnitude ; 
but the magnitude exists, though obscured as 25 millimetres, which 
is only an approximation. All this is given brief mention on page 
574, and another example has just cropped out in Professor Sweet’s 


19-millimetre tap. 


known. 


I thought these things were tolerably well 


There has also been some misconception, I think, of what is 
Meant by the common use of a system, like weights and meas- 


ures, ina country. People seem to think that if only the manu- 
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facturing and technical element of a community uses the metric 
system, that constitutes common use. Now, the manufacturing 
and technical element is that which, after the government itself, 
is the easiest to reach by a compulsory law. But although to 
have forced the factories to carry on their work with metres is 
certainly to have accomplished a great deal, it is very far from 
everything. It is only a small part of the whole. The great 
mass of the measurements of a nation are those carried on between 
private persons or small dealers in everyday life, which, according 
to Spencer, constitute transactions probably fifty times as numer- 
ous as the others. It is these which it is well-nigh impossible for 
the most autocratic of governments to affect ; yet it is these very 
ones which are overlooked by everybody. Possibly there are 
those who think that these bear no relation to engineering, and 
therefore ought not to be considered. All I have space to say 
here is, I hope they will think twice on that matter. 

With regard to the communication of Mr. Henning I have very 
little to say. It isa good example of just such writings as this 
paper was written to refute. There is no use rehashing the paper 
by way of answer, and there are only a few things which need 
special mention. 

The question of title has been already discussed on pages 494 
and 495; and the apology for the nomenclature, on the ground | 
that we need not use it, except in the case of the fundamental 
units, on pages 550 and 565. Any one who has kept books can 
answer the question about bookkeeping. 

Recommendations from consuls accredited to metric countries, 
that we adopt the metric system, are nothing new, nor in any way 
astonishing. If our “commerce is seriously hampered by our fail- 
ure to use metric standards,” let the manufacturers look to that. 
I have not heard any complaints from that quarter. In the 
meantime we continue to sell our goods there, made according to 
the old standards, whose advantages we are not reminded of by 
our consuls to English-speaking countries ; so we conclude con- 
formability with the latter is of no consequence. 

Possibly some of my more acute readers have perceived reasons 
why I should not give so much space to Germany as to France, 
Great Britain, and the United States, other than because the 
change was “successful, rapid, and peaceful.” If I had been a 
metricist (which is really the only fault Mr. Henning has to find 
with me), doubtless I would have omitted France, Great Britain, 
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and the United States altogether, and filled up my paper, as 
theirs are filled up, with trivial matters, with letters from other 
metricists, and with vehement asseverations. 

To the “40 various bushels, etc., of Great Britain” very em- 
phatic attention has been called on page 554; and to the anoma- 
lous measures of the United States, also, on pages 554 and 584. 
It is proper that my critic should know that this is a two-edged 
sword and should be used with caution. 

It is suggested that my non-technical friend, quoted on page 
573, is not worthy of credence. Doubtless not, to any one of the 
metric creed, because the evidence was not collected in the proper 
way. What I should have done was to obtain some one to go 
abroad and to those districts where the metric system is used, 
and to write me that it is used there. Instead of doing this, I 
inquired of a plain tourist, who travelled among the people, not 
among manufacturers and technical men, and to whom ‘I did not 
signify previously the object of my inquiry. The evidence is con- 
traband, but it may not be without interest. 

I have still a few remarks to make on the legislative aspect 
of this question—the aspect we are chiefly concerned with—and 
Mr. Fairbanks’ statements about Mexico furnish me a very fitting 
text. Not even Mr. Fairbanks has told the whole story about 
Mexico. On page 542 are mentioned the three obligatory laws of 
1857, 1861, and 1865, and their results taken from the 1877 re- 
port of J. K. Upton, chief clerk of the Treasury, an advocate of 
the metric system. One would suppose that three such laws, or 
even one, would insure the use of the metric system by everybody 
instanter. But, lo and behold, seventeen years later, in 1882, we 
find the same process being gone through all over again, just as if 
it were entirely new and unheard of before! and at the same time, 
a very zealous metricist writing home in disgust (Jour. Assn. Eng. 
Soc., Vol. I., p. 246) “how complicated a simple matter may be 
made when human ingenuity is bent on finding out how not to do 
it””—this regarding railway construction, where of all places you 
would expect it to run easiest. The law of 1882 was to go into 
effect in 1884, but the date was afterward, it appears (Jowr. Assn. 
ing. Soc., Vol. III., p. 133), postponed two years longer. Now, 
then, just as if nothing had been done at all during the last forty 
years, here we have a brand-new law this year solemnly assuring us 
(although there are no penalties attached to this one) that “ from 
and after September 16, 1896,” the metric system “will be the 
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sole legal system in the United States of Mexico,” and Mr. Fair- 
banks, with equal solemnity, telling us that this settles it, and no- 
body in Mexico uses anything any more but the metric system. 
Now, what does all this convey to your minds? and does this 
present assurance really look more reasonable than the old, old 
song which we have been listening to for the past twenty years ? 
How many other laws besides those I have mentioned have been 
enacted in Mexico I don’t know, and how many will be in future, 
time alone can tell. But don’t for a moment suppose this is an 
exceptional case. Far from it. Mr. Fairbanks himself has sup- 
plied us with another,—Uruguay,—which is classed in my list of 
metric countries as it has been in others for thirty years. Whether 
they passed a law there in 1893, and whether it was one of their 
old laws passed over again, or a new and more radical one—these 
things I leave for others to explain. But Uruguay is not a new 
metric country. Take Peru, another from South America, and 
read what was written me by one entirely disinterested, so far as 
I know, and whose experience there is not, I think, more than 
five or six years old,—my note 77 on page 573. Take Holland 
and Belgium, which made the metric system compulsory at the 
beginning of the century, and then did it all over again half a 
century later,—and s¢il/ a traveller in Holland returns without 
having heard of its being used there! Take Turkey, which did 
the same thing in 1869, and then again in 1895. Some metricists 
say it is compulsory in Turkey, and some say it is not. Some 
metricists say it is compulsory in Greece, and some say it is not. 
Even in Germany, where laws are as autocratic and stringent as 
you will find them,—the country they hold up to us as a model,— 
we find a new law passed in 1884, nominally to amend that of 
1868, which permitted the common terms as applied to the metric 
quantities, but in reality, it seems, because that law would not 
work, and to patch it up so that it would. Those common terms 
were not applied to the new quantities as the law had prescribed, 
but to the old quantities, just as they always had been ;* and so 
throughout the country by the common people you will find them 
to-day. There is France, the stronghold of the metric system, 
crying to our government for aid against the awne system, abol- 
ished one hundred and three years ago, and which they say, by 


* This is practically acknowledged in the argument for the law of 1884, 
attached to the draft of that law printed by the imperial government ; and, in 
fact, the same rule seems to apply here as to some other German laws (according 
to official utterance) ; infractions are ‘‘ tolerated. but not permitted.” 
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being used in invoices of goods, is causing frauds in their customs 
receipts (Jour. Assn. Eng. Soc., Vol. XIL., p. 227). These area few 
isolated cases, and they will do to exemplify a little further what 
I have already tried to establish in the pages of this paper; but 
I could quote a great many more instances, and most of these are 
from evidence furnished by the metricists themselves. If any one 
would take the time to look into the matter for the purpose of 
overthrowing the partisan evidence of the metricists, I haven’t a 
particle of doubt a mass could be collected which would turn 
theirs to ridicule. 

Now, what does this country propose to do? or rather, what 
does this little handful, at most a few thousand out of our seventy 
millions, propose to have us do? Do they want us to take this 
legislative physic for the rest of our lives? That is what the 
other countries are doing and have done, and they propose that 
we shall do the same. That is what it means, and let us under- 
stand it before we begin. Let us enter this quagmire with our 
eyes wide open, and not think we can go a little way and then 
return. We gave them the law of 1866, which means nothing 
and doesn’t hurt us any, but now they take that and use it asa 
handle to make us go a step further. Another step, and it only 
gives them better opportunity to insist on the next. I am not 
now speaking against the metric system per se. Any one is at 
liberty to admire that as much as he pleases, but to enact it into 
a law is another matter. I admire Platonism, but I don’t want it 
enacted into a law. This metric system has been justly termed 
the bathos of legislation, upon which, said General Pasley forty 
years ago (p. 572), “far more legislation has been expended than 
can be found in all the English statutes on the same subject since 
the Norman Conquest.” 

This is the era of patent medicines and panaceas. Just now it 
is legislation that is to cure all ills. We have just witnessed the 
attempt of a large portion of our countrymen to increase their 
wealth by legislation. People say Adams’s report is old-fashioned. 
If any one thinks so, let him forget that Adams ever wrote it. I 
do not quote it because it is Adams’s, but because it is common 
sense. If any one has not read the quotations on pages 579 to 
585, for instance, I hope he will stop and do so before continuing 
to advocate an impossibility. 

Some one has remarked that “when the people saw the law 
was going to be enforced they took it up.” There you have the 
39 


{ 
| 
4 
4 : 
4 
| 
a8 
{ 
— 
4 
‘ 


610 THE METRIC VERSUS THE DUODECIMAL SYSTEM. 


crux of the whole matter. When they did,—but, no matter when 
they did, how long would it take everybody in ¢his country to 
make sure the Federal Government would or could enforce a law 
of this character? They tell us other nations have enforced it. 
So also have other nations enforced military conscription in time of 
peace, but I do not suppose any one will have the hardihood to 
argue that that could be enforced in this country. “ When the 
King of Prussia,” said a witness before the Coinage Committee - 
of the House last winter, “desired a metric system, he said ‘let 
there be a metric system,’ and there was one. As soon as he was 
impressed with the idea of its excellence, it came into existence.” 
In that saying you see the broad chasm which divides our govern- 
ment from every other government on earth; yet the zeal of 
these people is so blind that they have forgotten that all-essential 
he is lacking to us. This government is strictly one of the people, 
and, outside of government business, I do not believe it is in the 
power of Congress to enforce any law whatever in regard to 
weights and measures. I believe the most they can do is to say 
that this or that measure shall be of such a size. I do not believe 
they could even enforce the use of that size, as was done in 
England, but merely its recognition by the courts. 

I wish to enter an emphatic protest against this proposed abuse 
of the legislative function. No one supposes there will be any 
bloodshed, but that is simply because such a law would be a huge 
joke. It would do nothing but create endless confusion. The 
bare thought of the enforcement of a law compelling a man to | 
give up his yard-stick and use metres in his private business is 
ridiculous to any sane American. As to the use of the metric 
system by the government, that, of course, could be done, al- 
though the change would add an enormous expense to the annual 
budget, and when it was done, the discord with the people, which 
would continue to exist, would far more than counterbalance any 
gain in the clerical work. They talk of uniformity, but what 
uniformity would we have then? The only place in the govern- 
ment system where there is any sense in the metric plea is the 
custom-house, where some imported goods are invoiced in metres 
and kilogrammes. To change the whole custom-house reckoning 
for these is not simply to discommode all the business in the 
country, but to subordinate the greater interest to the less. I 
have already shown on page 568 that our trade with British posses- 
sions alone is greater than with all metric countries combined ; 
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but even if it were not, I can see no advantage in changing. 
Metric goods may be taxed by the metre and kilogramme, other 
goods by the yard and pound, and this may be done without any 
law at all. I do not know whether the committee on this sub- 
ject, which has just been appointed by the Council, have thought 
it sufficient merely to oppose a law which applies only to the 
people at large, but I sincerely hope they will not neglect to op- 
pose any such scheme as this, which is a mere cover for the other, 
and will serve only to make such diversity as exists a hundred 
times worse than it is at present. It is not, to use the words of 
another, a leap in the dark, but a leap in full daylight, into-a 
metrological chaos. 

As to whether the people of this country, as a whole, will of 
their own free will change their standards of weighing and 
measuring, it ought not to be necessary to argue. People are 
fond of telling themselves that the tendency is toward uniform- 
ity, that it must come about in the end, and what a blessing uni- 
formity would be, and so on, and the same may be said of lan- 
guage and a dozen other things. I know there has been a great 
metric boom in process of formation for the past thirty years; 
but, as another engineer has said, “ booms may come and booms 
may go, but our people are about as likely to discard their habits 
of thought and action regarding weights and measures as they 
are to set about training themselves to become ambidexters.” 


Note.—This edition has been thoroughly revised, and everything which re- 
quired correction or modification, corrected, and a numbey of notes of interest 
added. Mr. Frederick Brooks, M.A.S.C.E., has kindly undertaken to assist 
me in this, and I am indebted to him for many suggestions. Mr. Brooks has 
been an active leader in the metric movement since its inception, and has an im- 
mense library on the subject ; and anything he has failed to point out I fancy is 
not of great importance, 
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DCCXXII.* 
J. F. HOLLOWAY. 


BY F. R. HUTTON, NEW YORK CITY. 
(Member of the Society.) 


It is one of the distinctive peculiarities of engineering as a 
profession, which it enjoys in common with architecture and art, 
that the creations of its practitioners are embodied in concrete 
objects which outlast the lifetime of their creators, when deserv- 
ing of this distinction. It was the boast of antiquity that a 
monument more enduring than bronze could be left behind a 
man when he passed away, and the cathedral, the bridge, and 
any structure built for a long time are fitting memorials in which 
a posterity may see the glory of its past. 

It happens, however, frequently, that for the mechanical en- 
gineer the search for his successes does not lead to the discovery 
of monumental achievements, but includes only a great number 
of small and perhaps unnoted constructions whose magnitude in 
the aggregate would deserve to be recognized if such aggregation 
could possibly be made. But even more often a great engineer 
leaves behind him a sense of loss among those who knew him, 
which bears no suggestion of that loss when the lifeless hand of 
a master drops from a single unfinished work of great magnitude. 
And in such case the reason for the feeling of loss and sorrow is to 
be looked for in springs deeper than those from which come the 
appreciation of intellectual greatness alone. It must be that it is 
the man and the character which are mourned, and not merely 
the things which his intellect enabled him to do. 

It is something of this sort which lies in the minds of his 
friends as they convene to speak of their respect and admiration 
for Mr. Holloway. He was not a great engineer in the sense in 
which Smeaton, Watt, Stephenson, or Corliss have been great, in 
the sense of making their name one which is to be found wher- 
ever the student of the history of engineering searches for the 
names of those who have distinguished it and who are known 

‘* Presented at the New York meeting (December, 1896) of the American — 


Society of Mechanical Engineers, and forming part of Volume XVIII. of the 
Transactions. 


| 
ill 
} 
| 
q | 
| 
| 
‘i 
i 
4 
il 
| 
¥ 
| 
| 
il 
| 
] 
if 
‘ 
/ 


618 


J. F. HOLLOWAY. 


J. F. 


q 
— 


614 J. F. HOLLOWAY. 


world-wide for these reasons. But he was a man whom every one 
respected for his sound judgment in engineering and business 
matters, for his unfailing unselfishness and devotion to interests 
and objects upon which he had set his heart for others, and in 
his determination that the profession of engineering should 
secure from the world at large the recognition which its impor- 
tance and its work in the community should command from those 
whom it benefits. 

Mr. Josephus Flavius Holloway was born January 18, 1825, in 
Uniontown, Ohio. His father came originally from Pennsylvania. 
When Mr. Holloway was six years old his father moved as a 
pioneer to what was then known as the Western Reserve, and 
their first settlement was a homestead upon the bank of the 
Cuyahoga River, near what is now the town of Cuyahoga Falls. 
When he moved there, there were but six houses in the midst 
of the wilderness. 

The place afforded but meagre opportunities for education of 
the growing lad at school, but as most of the early settlers were 
pioneers from Connecticut, they brought with them their refined 
ideas and their New England culture, so that many of the stand- 
ard works of literature were to be found in their precious libra- 
ries. Those who have had occasion to come in contact with Mr. 
Holloway’s literary taste and almost poetic turn of mind will per- 
haps understand that his appreciation of what is best in litera- 
ture had its source in the careful reading of those early days. 

He was apprenticed to learn his trade to a firm of engine 
builders in Cuyahoga Falls and was considered their most capa- 
ble apprentice. It will be remembered by many that some 
of Mr. Holloway’s most interesting reminiscences covered this 
period when he was mastering the art of doing good work with 
limited facilities. He has spoken of the boiler punch of his ap- 
prenticeship days, which was a steel drift-pin attached to the end 
of a plank under a tree by the roadside, so that the weight of the 
workman upon the long end of the lever could be made to jump a 
hole through the plate. He has spoken also of how impossible it 
was in those early days to make boiler seams tight with the ap- 
pliances then in use, and that it was customary to put into the 
boiler, before closing it up for test or for use, some material which 
would be forced into the open joints by the pressure from within 
and take up the leakage in this way. It has been well said that. 
the mechanic of resources is not so likely to be developed under 
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the conditions now prevalent among the operatives with high- 
class machine tools, and that those early days produced a me- 
chanic and engineer which it is difficult to find in these later 
years. His life in Ohio spanned the period of the introduction of 
the railroad and locomotive engine into that rapidly growing sec- 
tion, and every one who has heard him speak of the responsibil- 
ity and the debt which is owing to the engine driver of the loco- 
motive, will have recognized that this knowledge came from 
actual experience upon the road and in the cab. 

His first absence from home was for a year in Cabotsville, 
Mass., but at different periods of his early life he was engaged at 
Wilmington, Del., in steamboat engine design, and at Cumber- 
land, Md., as manager of a coal mining company. For several 
years he was general manager of a coal mining and iron manu- 
facturing company at Shawneetown, Ill. It was at this time that 
Mr. Holloway came into acquaintance with the firm of Sellers & 
Company of Philadelphia, originators of that iron company. 

At the close of the war, 1861-65, he entered the employ of the 
Cuyahoga Steam Furnace Company of Cleveland, which was 
doing a miscellaneous line of foundry and machine work, but 
probably more of machinery for the lake traffic than with iron 
and steel works machinery, which became their later field. On 
the death of Mr. W. B. Castle, in 1872, he became president and 
remained superintendent of the company, conducting the works 
in the interest of the other stockholders, for whom he stood as 
a representative and protector. The Cleveland Rolling Mill was 
one of the early companies to begin the manufacture of Bessemer 
steel in the West, and under the direction of a German metallur- 
gist, Herr Greiner, the necessary work for the installation of that 
plant was largely done at the Cuyahoga Furnace Company’s 
works. Later the blast furnace blowing engine became quite a 
specialty of the establishment, and some very large and success- 
' ful engines of this class were turned out. It is an interesting 
feature of the work of this period that, for reasons satisfactory to 
those concerned in the management of the old-established works, 
it was not thought advisable to enlarge its equipment by the 
purchase of new machine tools such as were coming into use in 
the newer and rapidly growing works which were looking to the 
future rather than to the past. It was a pride of Mr. Holloway’s 
to do work of a size and quality, with his small and inadequate 
tools, for a price which could not be reached by rivals who were 
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better equipped. The early training in expedients for doing 
work was here made to tell for the interest of those for whom 
he was working, and the application of portable machinery to 
operate upon massive work was one of the fundamental features 
of this achievement. 

He was ably seconded in his endeavor by his choice of most 
capable lieutenants in his foundry and in other departments, so 
that it was a boast, which the result justified, that they could cast 
a blowing engine fly-wheel with an accuracy and success such 
that, when in place and revolving, the unfinished casting would run 
as true as the finished fly-wheels of competitive establishments. 
Mr. Holloway conducted these works until 1887, when they were 
sold out on favorable terms to the Cleveland Ship Building Com- 
pany, leaving Mr. Holloway free to look for another opportunity for 
his energy. It is during this connection with the Cuyahoga Fur- 
nace Company that the successful meeting of the Society was held 
in Cleveland in the spring of 1883. Mr. Holloway was the leading 
spirit in the planning and execution of the details of that meeting, 
and it was on the occasion of visits made to his home during 
that period of preparation that the acquaintance of a few years 
before ripened into a friendship which the writer holds as a cher- 
ished possession. 

Mr. Holloway was not allowed to remain idle—but a few 
months. Almost immediately he was secured under a seven 
years’ contract on favorable terms by the firm of H. R. Worth- 
ington, hydraulic engineers of New York City. His duties there 
were various in all lines of business, estimating, contracting, 
repairs, and design. Upon the expiration of his contract, in 1894, 
after a summer of rest, he became connected with the Snow 
Steam Pump Works of Buffalo in a somewhat similar relation, 
and remained with them until the time of his death. 

Referring now to his relations as a member of the American 
Society of Mechanical Engineers, Mr. Holloway joined it among 
the early charter members, and was present at its first large meet- 
ing for the reading of papers held in the auditorium of the Turf 
Club in New York City, in November, 1880. His active influence 
in the Cleveland Convention has been above referred to, and he 
served as manager upon its Council during the trying early years 
from 1880 to 1883, and was elected president of the Society in 
1884 to succeed Prof. John E. Sweet. This made him the fourth ~ 
president of the Society. Upon his coming to New York in 1887 
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he was at once appointed to the laborious duty incident upon 
service upon the Society’s Finance Committee ; and upon the pas- 
sage of the amendment to the rules which made the past presi- 
dents members of the Council of the Society for life, he assumed 
the responsibility of this work most cheerfully, and was one of 
the most regular in attendance upon the meetings of that body. 
He was one of the special committee entrusted by the Council 
with the consideration of the important step undertaken in the 
winter of 1890 of deciding upon the policy of a permanent home 
or Society House, and although his attitude was distinctly con- 
servative, it was wisely so, and he yielded at once to the cogency 
of arguments which lead to the purchase of the premises at No. 
12 West Thirty-first Street, and he was one of the incorporators 
of the Mechanical Engineers’ Library Association, who hold the 
real estate. He was of invaluable service in carrying through a 
troublesome complication which arose at the moment in which 
the property passed into the hands of the Library Trustees, and 
was full of delight when the outcome was favorable to what he 
considered the best interests of the undertaking. 

But it was at meetings of the Society that his warm interest 
and unselfish devotion to its welfare was most manifest. There 
are few who will not recall how painstaking was his devotion 
to the broadening of the acquaintance of members of the Society 
with each other. Early and late his tactful address, his genial 
and humorous speech, his assiduous looking after the shy and 
retiring, must be memories which will lie in many hearts. When 
in 1890-91 it was decided to hold reunions of members and their 
families, for the purpose of developing acquaintance and cement- 
ing the bond among the members, at the Society rooms, he was 
rarely absent and always full of helpful suggestions. In fact, if a 
personal reference will be permitted, the writer would say that 
there were few, or none, among the members or officers of the 
Society to whom he went more frequently for counsel and sug- 
gestion, or whose advice, freely and wisely given, has been more 
often taken than that received from Mr. Holloway. In this 
respect the American Society of Mechanical Engineers will per- 
haps never know how much of its prosperity during these last ten 
years is to be attributed to his thought and planning. In this 
relation he will be sorely missed. 

Shortly after his coming to New York City the project was 
started by Prof. Thomas Egleston, Mr. James C. Bayles, and 
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others, to form in this city an organization mainly social in its 
character, which should form the nucleus for greater union among 
engineers. This idea took shape in the Engineers’ Club of New 
York City, and while it is foreign to the present purpose to refer 
at length, or in detail, to its history and prosperity, it may yet be 
said with truth that Mr. Holloway was never forgetful of the op- 
portunity which this organization has given to advance the cause 
of the engineer, and that as a member of its Board of Manage- 
ment, as its president, and serving it on its exacting committees, 
he was a most indefatigable, faithful, and wise councillor. 

Perhaps no better idea can be given of the genial, inspiring, 
and able way in which Mr. Holloway devoted himself to the 
pleasure of others than by quoting from one of the little speeches 
which he threw off incidentally, as it were, and like sparks from 
the anvil of his regular work, in connection with one of the even- 
ings at which the mechanical engineers convened in 1891. The 
Society had recently received a gift from Professor Egleston of 
the colonial dining table which had belonged to Robert Fulton, 
and which had been the starting point for giving to one of these 
evenings the complexion of reminiscences of Fulton and the early 
development of steam-boating in America. In speaking of the 
table and Fulton’s relation to it, he said: 

“We engineers who, in late years, with all the resources of good 
tools and variety of material at our command, have made sad and 
lamentable failures, can well imagine what must have been the 
trials and difficulties under which Robert Fulton struggled when 
he first sought to solve the problem of steam-driven boats on 
river and sea. What would our friend here, Andrew Fletcher, 
whose swift-moving steamers have since proudly tossed from 
their bow, at the rate of twenty miles an hour, the same waters 
through which Fulton’s Clermont struggled at the rate of five 
miles, have thought if he had been shown a board pile and had 
been asked to make out of it a steamboat boiler, as Fulton had to 
do? I dare say our friend well remembers when the widest sheet 
of boiler plate that could be procured was but 26 inches; but ;%- 
inch iron plates 26 inches wide were far better stock from which 
to make boilers than wooden staves bound together by bands of 
iron, as were those on Fulton’s first boat. 

“No doubt engineers in the old times, as now, were wont to take 
to the home circle the cares and vexations of their business, and 
no doubt there were days when, after a night of restless tossing, 
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trying in some way to scheme out a remedy for some new and 
unexpected difficulties, our hero sat him down to that table, his 
usual genial good humor gone, and with few words for wife and 
children, and leaving his scarce tasted food, he walked out, as has 
many another, to take up anew the battle of life. 

‘But let us put that picture aside. Look at the old table now; 
it is set for a grand supper; its broad surface is loaded with the 
old-time elements that go to make up a feast, for in that good old 
time a banquet table had on it much besides a bunch of flowers 
and a few empty plates. See the quaintly dressed neighbors who 
come crowding in to take their place at the table, and to honor 
their friend and host whose newly built steam-moved boat has 
made the round trip to Albany and back inside of four days, and 
as they shake the hand of the master and congratulate him on 
his great success, they little dream of the grand future of which 
that day’s performance was the beginning. ° 

“ But listen again: The genial host rises to respond. Thanking 
them for all their good wishes, in modest tones he is telling them 
something of the trials and disappointments he had encountered 
in the past; and that harder than all else to bear, had been the 
cruel jeers of those whom once he had counted among his friends, 

but who, seeing his persistency in his purpose, had turned from 
him with bitter words. He is telling his guests that, impelled by 
a belief that he would at last succeed, he could not turn back, 
but now that the hour of his triumph had come he had only the 
kindliest feelings toward all. He tells them that beyond the 
present he sees the time coming in which not only the waters of 
the noble Hudson, but those of the beautiful Ohio and the mighty 
Mississippi as well, would be dotted over with steamboats carrying 
to and fro the wealth and products of an immense empire, and 
that on the ocean the steamship would bear messages of peace 
and good will to all lands ; and that long after they had all passed 
away, thanks to the labors of the coming engineers, the white 
flag of a peaceful commerce would cement in a bond of one com- 
mon welfare all the nations of the earth.” 

Another example, in his most charming vein, he rewrote for 
Locomotive Engineering after presenting it at a “locomotive 
evening” in the series of Society reunions. I quote it, with his 
permission, in the form in which it was used by Mr. Jas. F. Lewis 
in his most appreciative memorial read before the Institute of 
Mining Engineers. 
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“*It wasa little thing—simply a small picture of an old-style locomotive placed 
in the middle of a page of a technical journal . . . . and a line below it 
which read as follows : ‘Old Cuyahoga Engine, Built at Cleveland, Ohio.’ : 

‘‘ The pictured engine might be the ‘ Reindeer,’ ‘ Antelope,’ ‘ Leopard,’ or any 
other of the fleet engines designed by Ethan Rogers ; but no matter which one 
it was, it was, in its day, a beauty and arunner. It looks light, the engineers of 
to-day will say. Well, it was light, and fortunately so; for the road on which 
it had to run was made of light iron rails, in many places spiked to slabs that lay 
on top of the ground, with neither ballast under them nor ditches beside them ; 
and many a time did the engines come into the round-house, after heavy rains, 
clay-washed from truck to top of smoke-stack. Those new roads were not only 
unballasted, but they were so uneven that had not the engines been lightly built 
and of the best wrought-iron, they would have wrenched themselves to pieces on 
the roads they had to travel on. 

‘*Those were pioneer days for railroads in Ohio. The few and newly built 
roads were mostly through the woods and swamps, having a single track, with 
infrequent sidings, but with plenty of wet-wood stations in the winter and plenty 
of dry-water stations in the summer, and telegraph-lines at no time; but the 
engines—they were daisies ! 

‘“*T suppose, if any of the cages of to-day, the fellows who run the big 
moguls or the consolidations or the flyers on the limited, should happen to see 
this picture, they would wonder among themselves what that curved arm near 
the air-chamber of the pump was for—that is, if they happened to know that 
pumps were at one time used on locomotives; and they would wonder why two 
valve-stems came out of the steam-chest. But you and I know that the curved 
arm worked the independent cut-off valve that Rogers put on the ‘ Cuyahoga 
engines,’ and which helped to make them famous in their day ; for the vim with 
which they would start a heavy train, and the economy with which they used 
steam while under way, used to astonish the down-East engineers who came out 
West, later on, with their heavier-built engines. 

‘¢Many and long were the disputes and discussions of the men who used to 
run ard swear by the ‘old Cuyahoga engines’ as to their superior merits, as 
compared with engines brought from the E:stern shops and run on the same or 
adjoining roads ; and oddly enough did they settle it. When differences now 
exist as to the superiority of one make of locomotive over another, the settlement 
of the question is left to scientific experts, who are usually professors of mechani- 
cal engineering in some college or technical school, who proceed to lash students 
to the front of the engine, one on each side of the cow-catcher, furnishing them 
with levers, pulleys, strings, indicators, stop-watches, etc., with instructions to 
take cards from the two steam-cylinders under the varying conditions of load, 
speed, and grade. The observers come back from the trip with their hair full of 
dust and cinders, their faces marked with grime, and their hats fu!l of slips of 
paper covered with curved lines, all differing from Hogarth’s line of beauty. 
Over these curved lines grave professors then solemnly ponder, accounting as 
best they may for their sinuosity, and guessing at what they cannot explain; 
after which, with the aid of planometers, scales, and logarithms, they figure out 
that one engine is better than the other. 

‘* Not so were settled the questions as to which locomotive could pull more, 
steam better, run faster or hang on longer, in the days in which flourished the 
old Cuyahoga engines. There were good talkers among the runners of those 
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days, who were not afraid to express, in language often more expressive than 
polite, what they thought in favor of their own engines, or in disparagement of 
others ; and many a summer day was made warmer as a group of engineers on 
the shady side of the round-house whittled, bragged, and bantered each other. 
Once, after an unusually warm debate over the performance of a newly arrived 
Eastern engine, as compared with a pet engine built at the ‘old Cuyahoga,’ it 
was decided to have a trial of the two engines in order to settle the matter. 
‘‘The consent of the master-mechanic having been obtained, a trial was 
arranged, which, in every respect, differed from the trial-trips as now made and 
above described. What they wanted to know was, which of the two engines, 
having the same quantity of wood and water, could go the farther on the same 
day and over the same track? So it was arranged that the ‘Cuyahoga engine’ 
and the Eastern or Yankee engine, as it was called, should both starton an equal 
footing from Columbus, and run as far as they could towards Cleveland without 
replenishing. It may be well understood that each engine was put in the be-t 
possible trim, and each engineer and fireman was at his best. Along the line at 
every town were gathered the railroad men, from the wood-sawyer tothe station- 
agent, to greet and cheer their favorites as they rolled along northward, until, at 
last, the Eastern engine struck the descending grade several miles outside of 
Cleveland, and by its aid managed to craw] into the depot, bereft of wood, water, 
and steam. Then the query was, Where was the ‘ Cuyahoga engine,’ of which 
so much was expected? had it gone dead and cold somewhere back in the woods, 
and would another engine have to be sent out to drag it in, lifeless and disgraced ? 

‘* For a while it looked blue for the Cleveland boys, but not long ; for soon 
their pet engine was seen bowling down the grade, and, as it neared the depot, 
the crowd parted to clear the track, when the engineer motioned to open the 
switch leading to the Lake Shore track. Then, with a defiant blast of victory, 
it dashed between the long lines of spectators, turned its front towards Buffalo, 
and, climbing the heavy eastward grade, the backwoods engine rolled on, and 
never stopped until it reached Painesville, thirty miles away, and, like Sheridan, 
won the day. Such a test would not at this time be deemed at all scientific, or 
perhaps satisfactory ; but it settled the dispute years ago, when the trial-trip was 
run from Columbus to Cleveland. 

‘*The shops from which these engines came were the first in which locomotives 
were built in the West ; and they had few or none of the appliances with which 
the present locomotive-works are so well supplied. They were situated on the 
banks of the Cuyahoga River, with no tracks near on which to place the engines 
after they were completed ; and many a man would have shaken his head, had he 
been asked to build engines in such a shop and with such tools, and then to take 
them over a rickety pontoon-bridge in order to deliver them on a railroad track. 
But Ethan Rogers had the genius to manage it, and the pluck to dare it. 

‘* What a time it used to be, when it was noised about town that Rogers was 
going to take a new locomotive over the bridge | and what a job it was to get it . 
up out of the yard into the street, and to run it around there on an improvised 
turn-table! After this was accomplished, long timbers were laid across the old 
pontoon-bridge and a short distance on the opposite bank. In the meantime, 
steam had been raised in the boiler, and the crowd of spectators driven from off 
the bridge, and the street cleared for a run which might result in reaching the 
other side, or in sinking bridge and all to the bottom, just as luck, or skill, and 
the coolness of Rogers at the throttle might decide. At last the decisive moment 
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is come ; and, with a shriek that might indicate defiance or despair, the throttle 
is opened and the engine makes a dash at the bridge, which, feeling its weight, 
begins to sink deeper and deeper, as the spectators hold their breath and wonder 
why he don’t go faster ; but Rogers has done it before, and he will do it again, 
Nearing the opposite end of the bridge, with the water behind him awash on the 
pontoons, and the sinking track showing a sharp up-grade before him, he pulls 
the throttle-valve to its widest notch, and the spurred engine, leaping as if for 
life, with a breathing exhaust that tells of the struggle it is making, climts up 
from off the sinking bridge, and lands on the bank safe and triumphant.” 


But this memorial grows too long and is likely to trespass upon 
what others would like to say in regretful memory of their friend. 
We all have known of lovely men; we all have known strong 
men. It is not given to many to combine strength with grace and 
loveliness ; to combine decision of character with a persuasive 
manner ; and, above all, to own and to exhibit the loveliness and 
purity of personal character which have made all who knew Mr. 
‘Holloway justly proud to claim him as their friend. 
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MEMORIAL SESSION IN HONOR OF THE LATE 
J. F. HOLLOWAY. 


(Founder of the Society and Past President.) 


NOTE BY THE SECRETARY.—It was thought by some of the many friends of 
the late J. F. Holloway that the debt which the American Society of Mechanical 
Engineers owed to the devoted interest which he had taken in it made it fitting 
that more than the usual memorial monograph should be provided for at the 
convention of the Society which followed his death. ‘here were many who 
would value an opportunity outside of the regular business of the convention to 
record their «affection and admiration for him. 

In view of the rights of others, however, it seemed unwise to devote a regular 
session of a busy convention to a matter of personal character like this, so that 
it was arranged to hold an extra or voluntary session at a time not otherwise 
assigned, at which only those interested need be present. This was held at 3 
p.M., Wednesday, December 2, 1896, and so sincere and admirable were the 
tributes presented that they have been gathered together into the following 
form. The session was called to order by Prof. Jobn E. Sweet, who had pre- 
ceded Mr. Holloway in the presidentix] office, and was opened by the memorial 
monograph, No. 722, read by the Secretary. 


Mr. W. F. Durfee.—The poet Wordsworth once said : 


‘« There is one great society alone on earth, 
The noble living and the noble dead.” 


In recent years we have enjoyed the genial society and kindly 
counsel of a noble living man, who has gone hence and taken his 
appointed place among the noble dead. The scenes which once 
knew him will know him no more; but in the hearts of his friends 
his sterling worth has builded a monument which will endure for- 
ever. Earth has far too few such men. The forces of evil are so 
assertive in modern life, the greed for wealth at any price so 
eager, the rush and crush for place and power so terrible, that the 
friendship of a man so cool, calm, self-poised, able, honest, genial, 
just, and generous as he of whom we speak with poor and inade- 
quate words, was as grateful and refreshing as “the shadow of a 
great rock in a weary land.” My acquaintance with Mr. Hollo- 
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way commenced in 1863, when he was the superintendent and 
mechanical engineer of the Cuyahoga Steam Furnace, and the 
friendship then begun grew with the rolling years and strength- 
ened with the lapse of time; and in a somewhat broad experience 
of men, I remember no one who would give better counsel, or 
who seemed to have a broader foundation of that homely, old- 
fashioned, granitic rock of sterling character, common sense—the 
ability to do or say the right thing in the right way at the right 
time—than J. F. Holloway. 

His character will always be an example and an inspiration to 
those who knew him, and his life-work an effective illustration of 
the possibility of attaining admirable results by means which 
modern: engineers, despite the “ maxima cum laude” of their 
diplomas, would regard as the perfection of the inadequate. Mr. 
Holloway was not the kind of man to quarrel with his tools; he 
regarded it as a duty to make the means with which he was 
provided do the work offered, and do it excellently. Obstacles 
with him were merely things to be resolutely encountered and 
triumphantly overcome; and now he has triumphed over all the 
ills of time in laying down the sacred burden of life so sturdily 
borne these many years. It has been said: 


‘* He most lives 
Who thinks most, feels the noblest, acts the best.” 


In this sense our friend’s life was full and abundant, and I am 
confident that I do not exaggerate in saying that no man ever 
fulfilled the duties of his sphere of action with more honest, pains- 
taking, and successful endeavor, and none ever better deserved 
that commendation which will surely be his, “ Well done, good 
and faithful servant.” 

Col. E. D. Meier—Mr. Holloway was remarkable for clearness — 
of analysis. With the utmost patience he would weigh and scru- 
tinize the action of a machine, and give to each member and each 
circumstance its due credit for the work accomplished. He under- 
stood fully before he attempted to describe, and then in words so 
plain and lucid told the story that conviction and concurrence 
were natural and easy to every one who read. What seemed 
doubtful before became self-evident from his simple words, and 
there was something genial, I might almost say poetic in his style, 
that made you feel that you wanted to be convinced, to be at one 
with him. And how his heart opened to friendship! To do true 
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and honest work in the profession was a passport to his good 
opinion. Could anything be more touching and yet replete with 
most subtle and gentle wit than the celebration of the seventieth 
birthday of the Nestor of American Engineers which he planned 
and carried through? The tabooed “set speeches” were avoided, 
yet all friends were heard in mimic accusation and defence. Thus 
fun chose the words, and proud friendship gave the facts, and the 
tribute became more adequate and lasting than any “ set speeches ” 
could have made it. 

How willing was he to be the butt in friendly tilt, and how 
skilfully he parried! 

He has left us not to mourn, for to have known him can be 
only a happy and pleasant memory. 

Dr. Charles E. Emery.—In the unexpected and somewhat un- 
timely death of Past-President J. F. Holloway, all have suffered 
an irreparable loss. His was one of those rare characters who 
love to rule and ruled by love. He was always thinking of others 
rather than himself, the mark, according to Lord Chesterfield, of 
a true gentleman. We can hardly realize that he is not at this 
moment moving quietly among us, introducing one to another, 
and studying means and methods whereby we may be instructed 
or amused. He was ever the same in business and in private life, 
winning friends and making conquests in a genial, unobtrusive 
way which impressed all with whom he came in contact. We 
miss him as an engineer, as a valuable member of this Society 
who has several times served it officially, but, above all, we miss 
him as a friend; we miss him because we loved him, and we 
loved him because he first loved us. 

Mr. Thomas D. West.—I was closely associated with Mr. Hol- 
loway for about six years, during his presidency of the Cuyahoga 
Steam Foundry Company of Cleveland, Ohio, and I feel privileged 
to lay claim to know something of his many virtues as a true man, 
mechanical engineer, and able manager. 

Every man who labors to leave the world better than he found 
it, and encourages his fellowman to a higher life, as well as to 
render all the assistance in his power to those in distress or trouble, 
is deserving of recognition and gratitude at the hands of all believ- 
ing in what is noble, grand, and true in man. My close associa- 
tion with Mr. Holloway under his able management of the “ Old 
Cuyahoga” caused me to observe almost daily some new quality 
in his character to increase my respect and admiration for him. 
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Among the best things to be said of him is the great respect 
which all his employees entertained for him. His actions had 
proven to them all that they knew where to turn if in need of a 
true friend. Rank or station had very little weight with him, 
unless such had been secured by merit. He was a true American 
and a thorough believer in encouraging man to lift himself. | 
A self-made man stood higher in his estimation than a king. 
He loved his fellowman and was constantly on the alert to do 
him good, and there are many living to-day who could testify 
to his aid as being that which started them on their road to 
success. 

His interest in mechanical matters throughout the world and 
at his own works was unbounded. His nature was that of the 
true mechanic, and he always exhibited the greatest skill and 
unerring judgment in all his undertakings. Whatever he did 
always caused those under him to recognize his ability as a master 
hand, both as a mechanical engineer and manager. There cannot 
be too much said in his praise. The world is better for his hav- 
ing lived, and could there be only more like him than there are, the 
world would be much the better for it. 

Mr. J. 8. Lane.—I wish to add my word of tribute to the 
memory of Mr. J. F. Holloway. 

We were from the same county in Ohio, and my acquaintance 
dates back to my boyhood. There are three points in his noble | 
and well-rounded character. that I desire to mention. First, his 
consideration of and kindness and helpfulness to young men. 
Pardon a personal allusion. 

I well remember that with mingled feelings of diffidence and 
pleasure I showed him through a shop that I had charge of at the 
early age of twenty-two, and how happy he made me by a word 
of praise here and there, and a word or two of advice from his 
experience, given so graciously as not to seem like criticism. 
Two years later I visited the Cuyahoga Steam Furnace Co. works 
in Cleveland, and on asking Mr. Holloway for permission to go 
through the works, he not only granted it, but personally con- 
ducted me through very carefully. One remark of his comes to 
my mind. We stopped to look at a planer. A large casting was 
fastened by the side of the planer, on the floor, and a tool on an 
upright bolted to the planer table was going back and forth, 
planing the side of the casting. He remarked: “I don’t see the 
sense of moving a ten-ton casting against a ten-pound steel tool. 
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Do you?” While at dinner in a hotel that day, Mr. Holloway 
laid his hand on my shoulder, and kindly asked me if I could 
come to his office at two o’clock. I went, and he said that after I 
had been in, the manager of the largest iron mine on Lake Su- 
perior had called, inquiring for a draughtsman and master me- 
chanic, and that he had recommended me. It resulted in my 
starting for Lake Superior within a week. Many young men — 
could give the same testimony of his thoughtful helpfulness. 
Some years later, when the American Institute of Mining Engi- 
neers were on a trip to the iron and copper mines of Lake Su- 
perior, it was my privilege to assist in showing them about some 
. of the mines. 

Just before the business meeting in the evening, Mr. Holloway 
came to me and said, “ You will be elected a member to-night.” 
I told him that I was more of a mechanical than mining engineer. 
He assured me that it was all right, and I was made a member, 
with Mr. Holloway’s name first on the application. 

My second point is the rare good combination of engineer and 
business man found in Mr. Holloway. He knew just where to 
stop finishing or putting on unnecessary work. 

My third point is his loyal fidelity to trusts committed to him. 
He was a Christian gentleman in every sense of the word. 

When in charge of the Cleveland Steam Furnace Co. he had 
several flattering offers to go elsewhere and with higher salary 
than he could expect where he was. His partner, Mr. Castle, 
having died, leaving his wife and family an interest in the works, 
Mr. Holloway declined all offers and stayed by the trust, and so 
did exceedingly well by the family of his late partner and all con- 
cerned. Mr. Holloway was a pattern man, and I for one feel that 
I have lost a good and kind elder brother. 

Mr. Francis H. Iichards.—There must, I think, be few among 
the members of this Society who do not, on such occasions as this, 
look back to their student days and remember with what respect 
they held the memory and works of the pioneers in the field of 
industrial engineering, such men as Watt, Stephenson, Brunel, 
Trevithick, Fulton, and many others who had then finished their 
work and laid down their burdens. What an inspiration it has 
been to many a young engineer to go over the story of the labors, 
the failures and successes, which made up in such large measure 
the lives of nearly all of those men, our eminent predecessors ! 
Our friend Holloway, who so many of us might well term 
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“our elder brother Holloway,” always impressed me as naturally 
belonging to that company of pioneers who, beginning a cen- 
tury ago, laid so firmly the basis for that enormous extension of 
the industrial arts which is one of the glories of this present 
generation. 

My acquaintance with Mr. Holloway began in 1882, and I well 
remember our first meeting at one of the sessions of this Society. 
Our acquaintance so casually begun soon ripened into a friendship 
which continued unbroken until he passed from among us. I[ 
have met Mr. Holloway in many different places and under 
varied circumstances, and he was always the same genial soul, 
and never seemed to lose that deep sincerity which was one of 
his distinguishing characteristics. Meeting him frequently in his 
own works at Cleveland, at the Civil Engineers’ Club of Cleve- 
land, at the conventions of this Society, and at its banquets and 
tours of inspection, I early found him to be a man with a many- 
sided experience, and always taking a healthful and progressive 
‘view of whatever scene lay before him. 

When we remember how truly the progress of the world is 
controlled by the smaller and often silent forees—how the switch- 
point, so to speak, on the railway of time, rather than the engi- 
neers and conductors, determine by what route the train of 
progress shall travel, we may well wonder if, after all, the quiet 
and unassuming men like Holloway are not in fact the real pilots 
who have been, unconsciously or otherwise, determining the 
direction and the manner of the onward march of our modern 
industries. 

Especially can I commend what has been said of Mr. Hollo- 
way’s generous interest in the welfare of young men, and 
especially of such as gave promise of ability in engineering 
lines. Few who have known him will cease to miss him, and 
few there be who have known him who may not well emulate 
his example. 

Mr. John Stanton.—In paying my tribute to the memory of 
our departed brother Holloway, I will refrain from attempting 
any biography or from recounting his professional experiences 
and triumphs. The beautiful memorial which our Secretary has 
prepared fully covers that ground, and any words from me on 
that point would be at this time entirely superfluous. But I will 
give you, in a few words, my own impressions as to his personal 
characteristics, which, after all, were the attractions which bound 
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to him so strongly those with whom he came into close personal 
relationship. He was one of the most lovable of men, of a 
winning and gracious demeanor, and ever ready to help, by his 
knowledge and experience, any one who came to him for counsel 
or advice. Sincere in his professional statements, sincere in his 
business transactions, and sincere in his friendship, it is not strange 
that he gathered around him so many sincere friends. During 
the twenty or more years in which it has been my good fortune 
to enjoy his friendship, I have often had occasion to take counsel 
with him on professional matters, besides having had, from time 
to time, business transactions with him, and I have always found 
that the advice he gave me and the machinery he constructed 
for me were alike sensible and substantial—characteristic of the 
man. 

Since the organization of the Engineers’ Club in 1888, he took an 
active part in its management, having been its honored President 
for two years, and those of us who came into almost daily contact 
with him there can best appreciate the genial and graceful manner 
in which he performed the duties of his office and cared for the 
comfort and enjoyment of his fellow members; for he was not 
only one of the best of companions himself, but seemed to have the 
gift of promoting companionship and good feeling amongst others. 
Although he totally abstained from the use of stimulants, yet he 
found great pleasure in attending our feasts and other social 
gatherings, where he was wont to delight us with speeches replete 
with information and illumined by flashes of the most delicate wit 
and humor. 

Mr. Holloway was a man who, in all the relations of life, acted 
well his part : as apprentice and workman in a shop, following his 
calling with intelligence and industry ; as an employer, just and 
generous ; as an engineer and business man, enjoying the confi- 
dence of the community ; as an associate and a companion, beloved 
by all; while in his domestic life he was beyond reproach. 
Surely his character was entirely symmetrical. And yet, Mr. 
Chairman, Mr. Holloway had lived beyond the mark of three 
score years and ten, and although to those who were close to him 
he seemed to be still a strong man, in vigorous health, yet nature 
will have its way, and when the dread summons arrives there is 
no possibility of evading it. Our comrade is no longer with us in 
the flesh, but his example and memory of his kindly and sym- 
pathetic personality still remain with us, and I doubt not, sir, that 
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in spirit he is still with this Society, in which he took so great an 
interest. 


** So when a good man dies, 
For years beyond his ken 
The light he leaves behind him lies 
Upon the path of men.” 


Mr. Rebert W. Hunt.—It is with a sad heart that I seek to lay 
my tribute on the tomb of our departed friend. The engineer 
seeks to solve the problems of nature, understanding them never. 
He seeks to use those forces which are really so beyond his control. 
But of all problems presented to the human mind, what so great 
as that of life itself? and under the duties and the burdens of the 
wonderful condition in which we find ourselves placed, it is he 
who seeks to make those around him better and happier who is 
the best citizen and best serves that overruling power which has 
given this duty to all of us. 

We of this Society, and particularly those of the older mem- 
bers, are somewhat like soldiers recalling their former campaigns ; 
and so it is with all men and all conditions. Fortunately, it is the 
pleasant things which stand out prominently. The trials and the 
tribulations sink into insignificance. It is the successful repulse 
of the attack that is recalled. It is the overwhelming triumph 
of the conquering charge which is remembered, and it is the touch 
of the elbow of those faithful friends who made those things pos- 
sible, which delight the recollection and the heart in retrospection. 
And so we of this Society, in looking back to those early days, to 
those friendships formed as this Society was organized and brought 
up to its present successful status, recall those dear ones gone 
who made it what it is. Think of the great engineer, the suc- 
cessful mechanic, the steadfast friend, Worthington ; the brilliant, 
the lovable, and loving Holley ; that heartful man of all-pervading 
humanity—Cox ; and now the gentle, the affectionate Holloway. 
Whata galaxy we have! I suppose, I know, that the younger mem- 
bers of this Society must, too, be forming those associations which, 
in after life, will be just as precious to them as these are tous. And 
it is right that it should be so. Were it otherwise, life would not 
be worth living. The dead are gone; we mourn the dead. But 
the living are here, and they are here to carry out the duties so 
well performed by the just dead. And can any of us ask that 
when the time comes for a tribute to be paid to us—and may we 
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hope that it can be paid as we pay it to-day to the memory of 
Holloway—can we ask a higher tribute, a better epitaph than 
this—he was no man’s enemy ; he was a long-suffering, a forgiv- 
ing, and a loving friend to all humanity ? 

Mr. Worcester R. Warner.—I rise to speak of Mr. Holloway 
as one who loved him, and yet in that position I am’ not unique, 
for, “'To know him was to love him, to name him was to praise” ; 
and you all know him—you have known him for many years— 
and you must all have loved him. I recall to-day the time when 
I first met him, away back in 1881. He was then President of 
the Civil Engineers’ Club in Cleveland, and I was a newcomer in 
the city and was welcomed by him, and I remember from that time 
on his genial cordiality and the Christian spirit and lovable nature 
that he manifested everywhere. So I can see and you can see why 
we all loved him. I followed him in all these years. In fact, all 
the younger engineers have followed him and have willingly sat at 
his feet to learn, and I can recall many instances where he has 
made men better and made men happier, but I will mention only 
one that occurred in this room just a year ago now. A paper had 
been read—a paper in which the members were not interested. 
It was opened for discussion and nobody had anything to say, 
until Mr. Holloway, sitting at the other side of the room, stood up 
and asked the author of the paper some question about it, and 
made a pleasant little address referring to some interesting feat- 
ures of the subject, and that started the discussion. One member 
after another got up and spoke, and it was a very interesting dis- 
cussion that resulted. After the meeting I went to Mr. Holloway 
and said: “I want to thank you personally for the kindness you 
have done to the author of that paper.” And his genial reply I 
remember well. He said: “Oh, well, I didn’t want the engine 
to get on a centre; I thought I would pry it over.” That is all 
he did; he pried it over the centre and started the wheels run- 
ning, and we were all happy, and the author of the paper was 
happy—thanks to this one man’s tact and good heart and fine 
insight, which he always manifested wherever he was and in what- 
ever associations he was found. 

I recall the old quotation that we have heard from our child- 
hood ; we are hearing it very often, but it seems to me that I 
have never found the man to whom it was more truly applicable 
than to Mr. Holloway, and so permit me in conclusion to repeat 
to you the familiar lines: “ His life was gentle, and the elements 
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so mixed in him that Nature might stand up before the whole 
world and say, He was a man.” 

Mr. Snow.* —My acquaintance with Mr. Holloway was rather 
of short duration, only intimately after we had been associated in 
business. We found Mr. Holloway a very able adviser and re- 
lied on his judgment in the conduct of our business, and we always 
found it to be very good. We not only profited by his advice 
in our business, but we all grew to love him and regard him asa 
very conscientious and able man in every respect. I shall never 
forget my feelings on the morning that I learned of his death. I 
was in Paris, France, at the time; just had arisen, and was dress- 
ing myself, when a cablegram reached me stating the fact of his 
death, and it was almost impossible for me to suppress the feel- 
ing of sorrow that came over me, and it practically upset me for 
the whole day. I am sure that all of the officials connected with 
our business felt in the same manner toward Mr. Holloway ; we 
were all very much shocked by his sudden taking away. We do 
not feel that we shall ever secure a man that will be of as much 
service to us, and I assure you that we all regretted his death 
very much, for we not only looked upon him as a wise counsellor, 
but as a dear friend. 

Mr. Hosea Webster.—During Mr. Holloway’s connection with 
Henry R. Worthington, it was unfortunately seldom that I was 
thrown in contact with him, my connection with the company 
being through the Chicago office. But, of course, I was called 
from time to time to the main office, and was always looking for 
chances to get posted on everything that was going on—getting 
information as to the latest developments of the business, and I 
never failed to get the fullest and the most complete and cordial 
attention from Mr. Holloway. As those who are young in expe- 
rience very well know, frequent complications, vexations often 
discouraging, would arise, and I always felt when in that position 
that I could go to Mr. Holloway, and that a very few words 
from him would clear away the clouds and make everything 
seem bright. Iam sure that every young man who has heard 
the expressions of good-will and affection from those of you who 
have spoken this afternoon must hope that, when we have done 
our part as well as we know how, we can ask for no higher trib- 
ute than what has been heard to-day in connection with our 


* Mr. Snow was Vice-President of the company with which Mr. Holloway was 
connected at the time of his death, and was present by invitation.—Secretary. 
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good friend, Mr. Holloway. I am sorry that there is not a rep- 
resentative here who could perhaps go into details and give you 
some anecdotes of the pleasant associations which existed be- 
tween him and our company. One which I have heard several 
times would, perhaps, be interesting, and it certainly shows the 
character of two of the principal members of the Society whom 
we all love to honor. Years ago Mr. Holloway built for the 
city of Cleveland a pumping engine which in its details was very 
much like the duplex pump at that time made under Mr. Worth- 
ington’s patents. Mr. Holloway, I am satisfied, from the way in 
which the anecdote has been told, was not acquainted thoroughly 
with the details of the engine as patented by Mr. Worthington.. 
As you may know, a suit for infringement was instituted. It 
came to trial, and Mr. Holloway and Mr. Worthington, both 
present in the court-room, were eventually introduced to each 
other. Both were charming men, and, of course, had a charming 
talk, and I am told that Mr. Holloway said: “ Mr. Worthington, 
if I had known you, I never would have built that pumping 
engine.” Mr. Worthington, in his characteristic way, said: ‘ Mr. 
Holloway, if I had known you, I never would have introduced 
this suit.” The suit was then and there discontinued, and forever 
after they were the firmest and the warmest friends. 

As I have said before, it seems to me that the expressions of 
tribute which have been given here to-day are the best monu- 
ment, after all, which a man can have. If your friends speak so 
well of you when you are gone, what a joy, what a pleasure, it 
must be to your friends and your family! It certainly is an in- 
spiration to young men to act with toleration and with the feel- 
ing that there are others who are struggling, that there are others 
who need your help and whom you may, even in the little things 
of life, often “ help over the centre.” 

Mr. 8. T. Wellman.—I would like to express my feelings, 
but I cannot put them in proper shape. . My acquaintance with 
Mr. Holloway goes back over twenty years. I came to _Cleve- 
land a young man, and soon after I came there I became ac- 
quainted with Mr. Holloway, and the acquaintance commenced 
then has lasted all through these years and has been pleasanter 
every year. It was a great regret to me that when he moved to 
New York I could not see him as often as formerly, but when- 
ever I did meet him the pleasure was greater, and he always 
had a good word and he always was full of reminiscences and 
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was always inquiring for friends in Cleveland. When he came 
to Cleveland, he always called to see me, and it is needless to say 
that I always called on him when it was possible for me to do so 
here. I only wish that there were more men in the world like 
him. The acquaintance of such men makes life worth living. 
Mr. John Platt.—I would like to add my little word of tribute 
as one of the younger members of this Society to one who was 
always tome a very dear friend. I met Mr. Holloway first in 
1888, very soon after I camé to this country. My father had had 
the privilege of knowing him for some time, and so I saw Mr. Hol- 
loway very soon after I came here. A little later I was with 
him at the meeting of this Society in Scranton, and we had a most 
delightful time, and he was then good enough to propose me as a 
member of the Society. Many of the older members here have 
spoken of Mr. Holloway as such a good friend to the young men 
of the Society, and I personally can speak of this. I used to call 
in to see him whenever I wanted to ask about anything, and he 
was always most kind and cordial, and I do not know of any one 
whose memory is so very dear as that of our friend Mr. Holloway. 
Mr. W. 8. Rogers.—This year I have met with two sad losses. 
One was my father ; the other was Mr. Holloway, and I am sincere 
in saying that I felt the death of the latter as keenly as that of the 
former. I was associated with Mr. Holloway for a year, in a 
very trying position, where he was a tower of strength to me from 
daylight until darkness. He was the only one to whom I could 
go in fullest confidence, explain my roubles, and get encourage- 
ment which removed all obstacles. We have heard a great many 
things said of his kindness toward young men, and in the years 
I have known him he has continually been searching out bright 
young men in the places we have visited together. When I went 
with this Society on my initial visit, at the Nashville meeting, it 
was Mr. Holloway whom I met first and who inspired me, a green- 
horn, with confidence, and put me at ease among the many wise and 
distinguished men there. A poor boy came to the Snow Pump 
Works to learn the machinist’s trade; to be simply a machinist, 
and know how to use tools, was the height of his ambition. Mr. 
Holloway found him, and called my attention to the fact that 
“there was good stuff in that boy.” A few evenings later the 
young man had an opportunity of meeting Mr. Holloway at my 
home, and the result of that evening’s contact was the young man’s 
entering a Western university for a four years’ course in mechan- 
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ical engineering, where he is battling his way through, fitting 
himself for a higher station in life than he ever dreamed of prior 
to meeting our departed, loved friend, who impressed on his 
memory forever the maxim, “ Where there is a will there is a 
way.” 

Mr. E. H. Mumford.—It was my good fortune to be one of Mr. 
Holloway’s young men. Iam sorry to say I was not one of his 
bright young men to whom Mr. Rogers refers. I am conscious 
that I was a constant disappointment to Mr. Holloway. But for 
two years toward the latter end of Mr. Holloway’s life I knew 
him almost intimately, when I came from the West to New York, 
and was constantly subject to his advice. I would like to quote 
here now some of the excellent things he told me to do, most of 
all in the last year of the two I have referred to, when it was my 
exceptional privilege to sit back to back and face to face with 
him for many hours of the business day at neighboring desks. It 
is especially of that last year that I would speak, when I say that it 
was Mr. Holloway’s high standard of morality, his contempt for 
anything which was beneath the level of an engineer and a gentle- 
man, and his admiration for everything which was the reverse of 
that that most impressed me. I had the misfortune to lose my own 
father in 1877. My father was a clergyman and the best man I 
ever knew, and I want to say here that in the very intimate per- 
sonal relationship of that last year of the two that Mr. Holloway 
and I knew one another well, Mr. Holloway came nearer taking the 
place of my own father than any man ever has; and his influence, 
I hope, has counted for something. Mainly, it was his high ideal 
of everything in a moral and social way that impressed me. 

Mr. J. D. Cow.—I think I am probably the only man here in 
the Engineers’ Society who was an apprentice under Mr. Hollo- 
way. I worked for Mr. Holloway away back in 1868, at the 
time he was building that .pump which the gentleman from the 
Worthington Company tells about, and I think it would astonish 
and worry every one of you here if you had to build that pump 
with the tools which Mr. Holloway had in that shop. There was 
not a single screw-cutting lathe in the shop that fed with a screw. 
They were all chain lathes—chain feed, and they were little bits of 
things and light. I think one of Mr. Holloway’s peculiar charac- 
teristics was his ability to get out work without anything to do it 
with. I remember a job similar to the one Mr. Lane speaks 
about. It was a bed plate of this same pump, and the reason he 
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didn’t put it on the planer was, in the: first place, that he could 
not get it on, and in the next place he could not get it to it—the 
shop was not big enough ; so we had to jack it down on the floor 
with jack-screws and run a big travelling arm out on the end of 
the planer, with a cross-head on it, and in this way bring the 
planer down to the job, and plane it off in that way on the floor. 

Speaking of Mr. Holloway’s characteristics, and the kindly way 
which he had in the shop—he came around where I was working 
one day with a little bit of a slotter and a great big engine crank, a 
great deal too big for the slotter and pretty near too big a job for 
me. I could not make the thing work satisfactorily. He saw I 
was in trouble, and he put his hand on my shoulder and said: 
“Young man, your machine will work better when it gets 
acquainted with you.” I think that was the first time he had 
ever seen me, but his words were very. encouraging, and I got 
along better after that. I have known Mr. Holloway ever since, 
and, like many other of the young men, I have gone to him many 
times for advice. I know well the circumstances which led Mr. 
Holloway to keep his old shop and the old tools. All of the 
owners of the establishment after Mr. Castle’s death were ladies 
who were dependent upon the income from that establishment, 
and he could not make up his mind to spend money, which they 
needed to live on, for new tools, and he ran that shop until he 
could sell it; and when he did sell it he sold it well. 

Dr. H. G. Torrey.—I would speak a word of Mr. Holloway in 
connection with the poetic and esthetic side of his nature, which 
was so strong, which led him to do so much for others, including 
the ladies of our Society, and commend his action in bringing them 
into the sociable the year before last, which was of great benefit 
to them and to us. Thus the wives and sisters of our members 
were brought in closer touch with their professional work. 
(Applause. ) 

Mr. John T. Hawkins.—I did not expect to say anything on 
this occasion, for the very good reason that I do not feel compe- 
tent to express what is within me regarding our late lamented 
friend and fellow member. As a member of the old school of 
engineers contemporary with him, I had a good deal of natural 
sympathy with Mr. Holloway in many ways. I have listened to 
his stories of his early experiences, and they applied themselves to 
my own early struggles with great force. We have had many 
private conversations on those matters, and particularly on his 
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ability to produce work with the indifferent facilities peculiar to 
the early days. It has been said that in. some respects Mr. Hol- 
loway might not be considered asa great engineer ; but, sir, in 
one respect I think he was a very great engineer. — It is the prov- 
ince of the engineer to remove physical difficulties from the path- 
way and progress of the race. Jn that sense Mr. Holloway was 
no insignificant engineer. But it appeared to be his peculiar 
province and his constant aim and study to remove difficulties and 
asperities from the pathway of engineers themselves, and as such 
I think he was a very great engineer. I think his work in this 
Society transcendently illustrates this most admirable feature of 
his make-up. 

It had not been my privilege to know Mr. Holloway personally 
until shortly after the formation of this Society. I have since 
that time, however, met him a great many times in a most pleas- 
urable way, and I desire to say this: that, so far as the Society of 
Mechanical Engineers is concerned, his ability asa man and an 
engineer among engineers has done as much for the success and 
life of this Society as any other member in whatever direction of 
activity that I could mention ; and all because of the beauty of 
his character and the goodness of his heart. 

Mr. James M. Cremer.—I would like to add a word to what 
others have said in the way of personal recollections of Mr, Hol- 
loway, with whom I was associated in business during the later 
years of his life. 

I first met Mr. Holloway some ten or twelve years ago ata 
meeting of the Engineers’ Club in Cleveland, Ohio, of which he 
then was President. In this position one could not fail to note 
his easy, genial manner and happy mode of speaking, so full of 
wit, good nature, and an indescribable personal charm which won 
him hosts of friends, especially among the younger men, many of 
whom will recall his kindly interest in their welfare and his help- 
fulness and encouragement in the difficulties and perplexities 
which all must meet and overcome. 

Mr. Holloway was, also, always deeply interested in the affairs 
of our own Society, and no one who met him here could fail to 
note the delight he took in all our proceedings, and how much of 
‘his best thought was given to insure their success. 

He also was instrumental in adding many new members, poe I 
recall that on one occasion in 1885 Mr. Holloway visited the 
works in Cleveland where I was located, and suggested to me the 
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idea of joining the Society. He said membership in such a 
Society and the contact with other minds was 4 good thing for 
us all, taking us for a while out of our daily routine, where, if left 
to ourselves, we were apt to wear our own little rut so deep that 
at last we would not see over the side of it. He remarked, casu- 
ally, on this occasion that they had made him President of the 
Society, that some of the members had thought it well to select a 
Western man for the office, and so it had come to him. The 
remark was characteristic of the man, for we all know his ability 
and eminent fitness for the office of President, but his modesty in 
this matter was simply the way he regarded himself in other lines 
as well. 

On many occasions I have noticed at our meetings his efforts 
to promote a better acquaintance and fellowship among the mem- 
bers. He seemed never to think of himself or his own enjoy- 
ment, as such, but would go about in his quiet, unobtrusive way, 
picking out the strangers and the retiring ones, and making them 
feel at home. 

He was, also, always ready, and with unfailing tact, to take 
part in any discussion, especially one that seemed to lag, to drift 
away from the subject, or likely to wax a little too warm. His 
quick wit, ready sympathy, and wide knowledge made him ina 
rare degree capable of bringing to every emergency the influence 
of a “word fitly spoken” and to pour oil upon the troubled 
waters. 

Shortly after meeting Mr. Holloway in Cleveland, I became 
connected with the then firm of Henry R. Worthington, and a 
few months later was greatly pleased one day to find that Mr. 
‘Holloway was bidding farewell to Cleveland and was coming to 
New York to be with us. 

I was among the first to welcome him when he entered upon 
his duties here, and was closely associated with him for about 
seven years. We were always the best of friends, and I owe 
more to his support, appreciation, and influence than I can ever . 
estimate or express. It was a rare privilege to be associated with 
such a man, and I have felt impelled by a sense of the debt of 
gratitude to him to add these few words, regarding matters of 
our ordinary, every-day work, to what has already been said by 
those who knew Mr. Holloway in other days and in other lines. 

Mr. Holloway was an instance of the rare combination in one 
“nan of great business and mechanical development. He could, 
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on occasion, assume general charge of the office or of the works, 
and discharge either duty with equal success. He was one of the 
best and most thorough mechanics I ever knew, and possessed the 
greatest amount of strong common sense in engineering matters ; 
and common sense, to my mind, is by far the most important in- 
gredient in an engineer’s composition. He was also an excellent 
business man, of sound judgment, correct principles, and strict 
integrity of the old-fashioned sort. One could rely implicitly 
upon whatever he did being right in every particular. 

Such a man makes an ideal manager. His associates and sub- 
ordinates respect him for his exact knowledge in mechanical and 
business matters, and they feel that his decisions will always be 
intelligently given, and with justice to all concerned. 

Of his engineering abilities I had the highest regard, and wish 
that some one else of greater knowledge than myself might ade- 
quately treat this part of the subject. 

Speaking only of my own experience, however, I might say 
that during all the years Mr. Holloway and myself were thrown 
together I had occasion in connection with my duties to consult 
with him regarding the selection and purchase of the varied sup- 
plies needed for our large works, including new machinery, 
engines and boilers, making contracts for new buildings, exten- 
sions, improvements, and other contract work of various kinds ; 
in all of which matters, shop experience, engineering skill, and 
business knowledge were needed for satisfactory results. My 
instructions were, in all these things, to confer with Mr. Hollo- 
way as much as possible, and I always found his advice of the 
greatest service. His intellect was remarkably clear. He 
seemed to locate so easily the weak points and defects of a thing 
that the benefit of his judgment was something I prized, nor was 
I ever disappointed with the result when I followed it carefully. 

But, after all, it was the lovely personality of the man, his beau- 
tiful character, which stands out prominently before all else, and 
the thought of which is filling our minds and hearts to-day. 
Although he only rarely spoke of such things, one could not fail 
to realize that what he did and was had its source and inspiration 
ina power higher and stronger than his own. I remember so 
well the kind and comforting letter he wrote me a few years ago, 
when my father died very suddenly and trouble had come upon 
me in other ways. Mr. Holloway said in conversation afterwards, 
regarding sudden death, that one should be always ready and 
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that he himself wanted to die with the harness on. So he lived, 
a good Christian man, always ready, always busy and helpful to 
others. Little wonder is it that we loved him while he was with 
us and mourned so deeply when the end came. Though his man- 
tle may not fall on any of us, yet his example will be : a help and 
inspiration to us all, and we may hope to join him in that better 
land. 

Mr. J. D. Cox.—It 1 may—I would like to add something 
which illustrates Mr. Holloway’s kindly nature. 
~ One day when skylarking around the pattern loft of the old 
shop, I discovered a queer-looking machine half-buried under old 
patterns and lumber. My curiosity being excited, I pulled away 
enough of the débris so that I could examine it. Tt looked like a 
narrow planer about 12 inches wide and 5-foot bed, with chain 
feed, but no cross-head. I returned to my work, and the old 
machine was entirely forgotten, till several years afterward when 
I was in business for myself. We had an order for several stay- 
bolt taps 48 inches long, and found we had no machine long 
enough on which to cut the flutes. While studying over the 
problem, the old machine up in the loft of the Cuyahoga shops 
came into my head. 

I made a bee-line for it, and was satisfied on looking at it again 
that it was an old-fashioned chain-feed slab milling machine—too 
light for key seating—evidently what it was originally intended 
for, but just the thing for my job. It took but a few minutes to 
find Mr. Holloway, and on explaining to him the situation he 
said: “If there is anything up in that loft that will be of any 
use to-you, send a wagon over here and I’ll load: it for you.” 
‘. We got the machine, set it up in our shop, and have used it 
continually ever since, and couldn’t get along without it now. 
I asked Mr. Holloway many times to set a price on it, but his 
answer was: “ The old machine was of no use to us, and I’m glad 
you have found a place for it.” I know he meant what he said— 
he was glad to help us out of a hole—and glad the old machine 
had found a job suited to its capacity. 

Most men would have taken an opposite view of the matter, and 
have taken advantage of our confused dilemma to extort a good 


price from us for the machine which had for years been consigned 


to the scrap pile. 
One word more I would like to say. I wish that some one here | 


-could give me the date of the earliest twin-screw steamer which 
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they know anything about. I am very strongly of the impres- 
sion that to Mr. Holloway is due as much as to any other one man 
the introduction of the twin-screw system, because I personally 
worked upon the first twin-screw engine on the lakes—the old 
Amazon ; and I know years after, when Atlantic liners commenced 
to put on twin screws, I thought that Mr. Holloway was away 
ahead of the rest of the engineers at that time. That was back 
in 1868 or 1870. 

Mr. Sweet.—The twin screw dates back of that. It was ona 
steamer built here on the Jersey side by the Stevens family. It 
was a twin-screw steamer as I have been told. I think Professor 
Thurston made that statement. Possibly it was not the steamer 
which was built for a war vessel, but I think it has been own 
that Mr. Stevens built the first twin-screw steamer. 

Mr. Mumford.—I believe that is correct, Professor. I remem- 
ber the model in the laboratory of the Stevens Institute of the 
twin screws. I am sure of that. 

Mr. Jarvis B. Edson.—This is not the hall of rhetoric or mellif. 
nows expression, as has been strongly evidenced by the fact that 
what has been said here to-day has come directly from the inmost 
recesses of the heart. It has been simply the outspoken gratitude 
of those whe have been befriended by the gentleman in whose 
memory we are here assembled. I can add nothing to what has 
been said, excepting what would be of a cumulative character. 
But I would like to state one little reminiscence which occurred 
in 1868 or 1869—one of those little indications which showed the 
coming man. It showed the coming man to me, and I have so 
stated a great many times. When he came to New York I 
recited it to many of my friends in order that his welcome might 
be all the warmer, and that I was warranted in so doing has 
been proven by the success of his career here and by the testimony 
we have heard this afternoon. Returning from sea in 1868 or 
1869, I thought it would be interesting to make a little tour West, 
for the purpose of seeing what engineers were doing, if they 
would allow me. My first stop was at Troy, at the Rensselaer 
Iron Works. Knocking at the door, with nothing to contribute 
and no claim upon their attention, I asked if I might see the 
process of manufacturing Bessemer steel. After remaining seated 
a few moments a messenger came and took me to the end of the 
works, where I was introduced to Mr. Holley. My case was 
stated plainly to him—I was simply a trespasser upon his. time 
41 
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and his hospitality. But for two or three hours it was impossible 
for me to get away from him. I was shown the same attention 
which probably I would have been shown had I been the president 
of a railroad or the president of some scientific society. I found 
out enough to appreciate what he was doing. I was shown into 
the innermost parts of the interesting process as it was carried on 
in those days. I was not alone shown the successes, but I was let 
into the secret of failures, of mistakes, and the hard road over 
which he had travelled, and it was with great difficulty that I left 
him rather than increase the debt of gratitude which I owed him. 
My next stopping place was in the neighborhood where the 
present Chairman resides, and I was there shown attention which 
I never have forgotten. My next stopping place was in Cleve- 
land, and knocking at the door of the Cuyahoga Works—it was 
small then—I was finally introduced to Mr. Holloway. I think 
he was then manager. I was most cordially received and shown 
what he had to show and finally landed in the drawing room— 
that inner sanctum sanctorum where men seldom take strangers. 
They were then building the Amazon, which has just been spoken - 
of. She was a sort of double-keel craft, and he was very glad to 
get some information, as it afterwards turned out, about double 
keels, because we had one boat of that description—-the Pawnee, 
Ithink—in the service. The Amazon was being built for the lakes, 
and there were some problems about valve gear regarding which 
he was very glad to make use of what information he could get 
from me. But for all the time which he expended on me he 
had nothing whatever to gain, and it was only for an instant 
that I was perhaps able to contribute anything for his benefit or 
to his knowledge. I allude to it because it showed the character 
of the man in dealing with a perfect stranger, in dealing with a 
person who possibly would not be able to comprehend what he 
was saying. And he certainly had big problems on hand, 
particularly when we consider that he was without tools and 
facilities, as we understand this afternoon. And my prophecy at 
that time, which I am glad now to be able to say has been 
certainly fulfilled, was that he was one of the coming men. 

The Athenian philosopher Plato lets us into the closing scene 
of Aristotle’s life when he, at the last. summoned those about him 
and in language of unfathomable pathos said : “ When I leave this 
body, do not say that I am dead. Say that I live, I am not 
dead.” When the military telegraph flashed to those of us who 
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were in the front in 1865 that Lincoln was assassinated—that 
Lincoln was dead, we said, No, Lincoln will live forever. What 
was it in Lincoln’s career that lives forever, if not the qualities 
which, this afternoon, have been paramount in everything that 
has been said? It isnot engineering which has given Mr. Holloway 
his standing in the hearts of this Society and in the heart of every 
man who ever met him. They were higher qualities—qualities 
which we can do well to emulate. Lincoln never could die. Neither 
can Holloway’s memory ever die. 

Mr, Allan Stirling.—I will not trespass on your time but for a 
moment. The word Christian has been used more than once in 
reference to Mr. Holloway. I have not seen. Mr. Holloway for 
nearly four years. I have been away. Shall I never see him 
again? Perish the thought. Mr. Holloway was a Christian man, 
and through the mediation of Him to whom he looked for an 
example, I hope to meet my dear friend in the better land. 

The Chairman.—In adjourning this meeting, I wish to say 
that we only pay a just tribute to one of the sweetest lives that 
we ever knew. 
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The XXXVth meeting of the American Society of Mechanical 
Engineers took place in the city of Hartford, Conn., beginning 
on Tuesday, May 25, 1897. The meeting was a notable one in 
one sense, in that it was the first which was held after the adop- 
tion by the Council of a policy definitely discouraging the practice 
of waiting for an invitation from any city before deciding to hold a 
convention there. It was felt by the Council that it was neither 
right nor wise for the members resident in any city to have 
forced upon them anything in the way of obligation for the 
entertainment of the members of the Society at costly outlay 
such as must necessarily be felt when the local membership had 
taken upon themselves whatever might be involved in issuing 
a formal invitation to the Society. This latter had been the 
custom which had prevailed generally for the meetings which 
had been held hitherto, but it had been increasingly obvious 
that the growth and the size of the meetings, consequent upon 
the growth of the Society, and the natural desire that each 
meeting should surpass the previous ones in the memory of those 
who were present were making the former custom dangerous and 
even impossible. This had induced the Council to decide that 
from that date the Council would itself decide at what city and 
in what district it was desirable that a meeting should be held, 
and notify the members resident in that city of such decision 
if it was agreeable to them. By this procedure it is believed 
that all financial obligation and responsibility are removed from 
the local membership, except in so far as local or civic pride 
may prompt spontaneous and self-originating courtesies. 

The city of Hartford was selected by the Council by reason 
of its being a city in the centre of manufacturing interests of 
New England and by reason of the special attractions which 
the city itself offered. The opening session was convened in ~ 
the evening of Tuesday, May 25th, in Unity Hall on Pratt . 
Street, between Trumbull and Main, which had been rented 
for the sessions of the Society, and was opened by a few words 
from Mr. C. E. Billings, Chairman of the Committee of Local 
Members. Mr. Billings concluded by introducing the Mayor of 
Hartford, the Hon. Miles B. Preston, who addressed the meeting 
in a few fitting words, to which Mr. Worcester R. Warner, the 
President of the Society, made happy response. After announce- 
ments concerning the conduct of the meeting a recess was taken, 


and an enjoyable reunion and conversazione was held in a lower 
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hall in the same building. The hotel headquarters were opened 
in Room 10 of the Allyn House, and it was at once apparent 
that the meeting was to be a largely attended one. 


SEconp SEssion. WEDNESDAY Morninec, May 26TH. 


The first regular session of the meeting was opened by Presi- 
dent W. R. Warner in the chair, in Unity Hall, at ten o’clock for 
the usual routine business of the convention. The Secretary’s 
register showed the following named persons in attendance, 
together with a large number of guests connected with the 
manufacturing interests of the city, who had been invited by the 
resident membership. The usual large number of ladies was 


also in attendance, numbering upwards of seventy in all. 


Alden, G. I. 
Aldrich, W. S. 
Allen, Francis B. 
Allen, Jeremiah M. 
Allison, Robt. 
Almond, Thos. R. 
Ames, Wm. M. 
Anthony, Gardner C. 
Auchincloss, W. 8. 
Bagg, Sam’! 8. 
Bailey, Chas. L. 
Bardwell, A. F. 
Barnes, Abel T. 
Barnum, G. 
Barr, John H. 
Bates, Ed. P. 
Beach, Giles. 
Beach, C. S. 
Bigelow, Frank L. 
Billings, C. E. 
Billings, Fredk. C. 
Binsse, Henry. 
Bird, W. W. 


Blackburn, Arthur H. 


Blood, John B. 
Bond, Geo. M. 
Bowen, E. 8S. 
Boyer, F. H. 
Bristol, W. H. 
Brown, Alex. T. 
Brown, R. 8. 
Buchanan, A. W. 
Bulkley, Henry W. 


Bullock, M. C. 
Burgess, C. M. 
Burgdoff, Theo. F. 
Butcher, J. J. 
Caldwell, A. J. 
Carney, Chas. J. 
Cary, A. A. 
Cassier, Louis. 
Chase, H. S. 
Chase, W. L. 
Cheney, W. L. 
Christensem, A. C. 
Church, E. D. 
Cogswell. W. B. 
Colvin, F. H. 
Cook, A. 8. 


Cullingworth, G. R. 


Davis, Isaac H. 
Deane, C. P. 


DeLancey, Darragh. 


Detrick, J. 8. 
Dinkel, Geo. 
Ehbets, C. H. 
Evans, H. O. 
Faber Du Faur, A. 
Flagg, Stanley G. 
Flinn, T. F. 
Foster, E. H. 
Francis, H. C. 
Freeman, John R. 
Frith, A. J. 

Fritz, John. 
Galloupe, F. E. 


Gantt, H. L. 
Gorton, John G. 
Gray, Thos. 
Green, 8S. M. 
Griffin, C. L. 
Grimm, Paul H. 
Grover, L. C. 
Gulowsen, G. A. 
Haines, H. S. 
Hall, John H. 
Halsey, F. A. 
Hartness, Jas. 
Heggem, Chas. O. 
Henney, J. B. 
Henney, John. 
Henning, Gus C. 
Hibbard, Henry D. 
Hill, Wm. 
Holmes, W. G. 
Howard, Chas. P. 
Howe, Henry M. 
Humphrey, Joho. 
Hunt, C. W. 
Hunter, J. 8. 


Hutton, Fred’k R., Sec'y. 


Isbell, H. L. 
Jacobus, D. S. 
Jarvis, Chas. M. 
Jenkins, M. C. 
Jennings, E. L. 
Jones, H. K. 
Kempsmith, Frank. 
Kent, Wm. 
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King, Chas. C. 
Kingsbury, Albert. 
Laforge, F. H. 
Lambert, W. C. 
Lane, A. M. 
Lewis, J. P. 
Lewis, D. J. 
Libby, Sam. H. 
Lieb, John W. 
Logan, John D. 
Loomis, F. J. 
Loring, Chas. Hi. 
Low, Fred R. 
Lowe, W. V. 
Lyall, Wm. L. 
McBride, Jas. 
Manning, C. H. 
Manning, H. G. 
Mason, Wm. B. 
Matheson, W. G. 
Meatz, John T. 
Mead, F. 8S. 
Melvin, D. N. 
Mesta, Geo. 
Meyer, H. C., Jr. 
Miller, H. B. 
Morris, H. G. 
Mossberg, Frank. 
Moulthrop, Leslie. 
Muller, M. A. 
Murphy, E. J. 
Newcomb, Chas. L. 
Newton, C. E. 
Park, W. R. 
Parker, L. H. 
Parkhurst, E. G. 
Parks, EF. H. 


candidates seeking election. 


follows : 


The undersigned were appointed a Committee of the Council 
to act as tellers (under Rule 13), to scrutinize and count the bal- 
lots cast for and against the candidates proposed for member- 


Parsons, Fred W. 
Pascall, R. H. 
Paul, John W. 
Payne, 8. F. 
Peard, J. J. 
Perkins, T. C. 
Philip, C. von. 
Pratt, Chas. R. 
Pratt, Francis A. 
Pratt, 
Quint, A. D. 
Rand, A. C. 
Rankin, Thos. L. 
Reist, H. G. 

Rice, A. C. 
Richards, C. B. 
Richards, Francis H. 
Richmond, Geo. 
Richmond, K. C. 
Riddell, John. 
Robinson, A. W. 
Rockwood, Geo. I. 
Ross, E. LL. 
Rowland, A. E. 
Sabin, A. H. 
Schaeffer, Louis. 
Schaum, Otto W. 
Scheffler, F. A. 
Schumann, Francis. 
Schutte, Lewis. 
Seott, Geo. H. 
Serrell, J. A. 
Shelmire, W. H. 
Sinclair, Geo. N. 
Smith, A. W. 
Smith, Geo. H. 
Smith, H. W. 
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Smith, Jesse M. 
Smith, Oberlin. 
Snow, S. M. 
Souther, Henry. 
Sparrow, E. P. 
Spaulding, H. C. 
Stetson, Geo. R. 
Stiles, Norman C, 
Stone, W. M. 
Stratton, W. H. 
Suplee, H. M. 
Svenson, J. A. F. 
Thomas, E. G. 
Thompson, E. B. 
Torrance, Kenneth. 
Turner, John, 
Upson, Lyman A. 
Varney, W. W. 
Waldo, Leonard. 
Walworth, A. C. 
Warner, Worcester R., 
Pres. 
Warren, B. H. 
Washburn, W. S. 
Webb, J. B. 
Wellman, C. H. 
Wellman, S. T. 
Whaley, W. B. Smith- 
Whitehead, Geo E. 
Whitney, Baxter D. 
Whittier, Chas. 
Wood, W. H. 
Woodbury, C. J. H. 
Woodward, Dan C, 
Woolson, O. C. 


Pursuant to the usual policy of reducing the routine business 
of the spring meeting to its lowest terms, the only items of 
business presented at this session were the report of the Coun- 
cil upon the votes cast by the members for and against the 
The report of the tellers was as 


REPORT OF TELLERS OF ELECTION. 
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ship 1 in the American Society of Mechanical Engineers, and seek- 
ing election before the XXXVth meeting, Hartford, Conn., 1897. 

They have met upon the designated day, in the office of the 
Society, and have proceeded to discharge their duty. They 
would certify, for formal insertion in the records of the 
Society, to the election of the persons whose names appear on 
the appended list to their respective grades. 

There were 467 votes cast on the blue ballot, of which 29 
were thrown out because of informalities (the members voting 
having neglected to indorse the sealed envelope). 


Ges Tellers of Election. 


MEMBERS. 
Ahrens, Geo. Fred. Hutchinson, Jos. A. Searing, Lewis. 
Bartlett, Henry. Johnston, J. Ffank. Smith, Harry E. 
Blanchard, Gilbert w. McKechnie, Robt. R. Stoddard, Geo. H. 
Burgess, Chas. Monroe. Mayer, Fredk. J. Tibbals, Geo. A. 
Craig, Jas., Jr. Morrin, Thos. Turner, Frank H. 
Deming, Wm. Henry. Morris, Wm. §8. Ward, Francis G. 
Evans, Wm. F. Oldham, Jos. R. Wilkinson, John L. 
Gleason, William. Pope, Chas. Edward. Wolcott, Henry A. 
Gulowsen, Gulow A. Schaumleffel, P. W. 
Hill, Walter. Schueble, R. G. 


ASSOCIATES. 


Damon, Geo. B. Lowry, Geo. A. Rapson, Trevor. 

Holmes, Walter G. Lunkenheimer, Carl F. Riker, Andrew L. 

Jennings, Ed. L. Pilton, William. Schuyler, Sage W. 

Kearney, Alex. Powell, Marcus. Wilson, Chester P. 
PROMOTION TO FULL MEMBERSHIP. 

Burns, A. L. Pratt, Francis C. Veeder, Curtis H. 

Dinkel, Geo. Scott, Seaton M. - 

Hurd, Hobart J. Simpson, Geo. R. 


PROMOTION TO ASSOCIATE MEMBERSHIP. 
Hale, Robt. Sever. 


JUNIOR MEMBERS. 


Brandon, Geo. R. Hewlett, Edward M. Patterson, Peter C. 
Brown, Louis Livingston. Hibbert, Walter W. Prescott, Jas. A. 
Burgan, A. L. Hobert, 8. G. Robertson, C. H. 
Cole, Edward S. Hodges, Chas. Bowen. Rushmore, David B. 
Curtis, Greely 8., Jr. Jacobs, Ward 8. Wall, Geo. Floyd. 
Dalman, John W., Jr. Libby, Sam H. Watson, Henry D. 
Edwards, J. Irving. McArthur, Geo. P. Williams, Edmund, 
Faig, John T. McCaffery, Richard S. Wood, Benj. F. 
Folson, Edson F. Mora, Rafael de la. Wyckoff, Arcalous W. 


Herron, Jas. H, Patterson, A. W., Jr. 
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Other general business being then in order, Mr. Gus C. Hen- 
ning presented, by request of the Council, the question of the 
advisability of seeking to codperate with other organizations 
in securing a series of standards for the specification of mate- 
rials which had themselves become standard, or concerning 
which engineers were substantially agreed. Mr. Henning spoke 
as follows : 

“At the Zurich Conference on Unification of Testing Mate- 
rials in 1895, a paper on ‘ The Desirability of Establishing Uni- 
form Specifications and Methods of Inspection of Metals’ was 
presented by Mr. E. Schroedter (Secretary of the Verein der 
Ingenieuren and Eisenhuettenleute), and the concluding recom- 
mendations were upon motion referred to the Council for con- 
sideration and action. 

“In accordance therewith the Council, at a meeting held in 
Vienna last year, decided to take up the matter, and appointed 
a Committee to take action on the subject. 

“In February, 1897, I received a letter * from the well-known 
and famous engineer of Le Creusot, Mr. J. Barba, advising me 
that he, as Vice-President of such Committee, asked me to name 
members of a Sub-Committee to be formed in the United States 
to take up the subject conjointly with the European Committees, 
and requested that I act on said Committee. When I referred 
the matter to our Ex-President, Capt. R. W. Hunt, he sent the 
following answer,* in view of which I herewith present the 
matter for discussion at this time. 

“The object is to suggest standard specifications for quality 
and for inspection of all metals used in engineering, and in such 
a manner that any new developments in metallurgy or fabrica- 
tion will not be hindered, and on the other hand to define mate- 
rials in such a precise manner that proper materials may be ob- 
tained for each distinct purpose ; such as boilers, engines, bridges, 
wire (telegraph, trolley, telephone, piano, cables, ropes, suspen- 
sion bridges, various), railways, axles, tires, guns, bicycles, etc., 
etc.” 

The correspondence referred to above is appended: 

Cuicaeo, April 17, 1897. 
Gus C. Henning, Esq., No. 5 Beekman Street, New York. 


My Dear Stir: I beg to acknowledge yours of the 8th inst., and thank you 
for the compliment therein expressed. 


* See letter appended hereto. 
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I fully appreciate the importance of the work outlined, and its weight makes 
it imperative that the subject should not be treated other than in a serious 
manner. 

Personally, my many engagements in all sorts of directions render it unfit 
that I should try to serve on the proposed committee. While we have many 
American engineers who could render good service in the cause, it is hard to 
find those who are willing or,can devote the necessary time to it. Hence it 
would seem as though it would be better if they could be selected from men 
who, while possessing knowledge gained from practical experience, are not dis- 
turbed by or dependent upon current business engagements. Of course we 
realize that there will come objections to ‘‘ Professors,” but at the same time I 
am not certain that they are not the class of people who can best serve in a cause 
of this kind, particularly if they have been in touch with manufacturing 
progress and interests. 

Assuring you that it will give me pleasure to assist you in this matter, and if 
it should not be too late, that we will have an opportunity of discussing it at the 
coming Hartford meeting of the A. 8S, M. E., 

I remain, yours truly, 
Robert W. Hunt. 


(Translation of Mr. J. Barba’s letter.) 


Paris, February 5, 1897. 

My Dear Sir: You know that we are about to organize an International 
Commission, under the presidency of M. Ast, Managing Director of the Northern 
Railroad, Ferdinand, Vienna, Austria, to study the steps to be taken to establish 
international uniform rules for determining the quality and inspection of all kinds 
of iron and steel. 

I have been honored by the nomination of Vice-President, and I have been 
asked with Mr. Ast to propose to the directing committee three or four persons 
from each of the principal nations, these persons to constitute said commission. 
i have already named the persons for France. I thought that you would kindly 
choose several able, willing persons in the United States who would assist us at 
the same time with yourself. 

If you will kindly accept my proposition, I would be under obligations to you 
to name the three or four persons on whom we could count. 

Receive, my dear sir, the assurance of my best sentiments. 


(Signed) J. BARBA, 39 Rue Mozart. 


After reading the report and the letters appended to it, Mr. 
Henning spoke further as follows : 

Mr. Gus C. Henning.—These specifications should, of course, 
be elastic to a certain extent, both because there is constant 
progress in the manufacture of materials, and because if of a 
stereotyped form they would soon become antiquated and then 
interfere with the progress of improvement in materials or the 
development of new classes of materials ; for if only old classes 
should be called for, the new classes introduced would come 
into general use only with great difficulty. The object is to 
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define classes of material which are to answer certain purposes. 
If boiler material is called for, every manufacturer would under- 
stand that, under the standard specification, a certain kind of 
material is required. A certain other kind of material will be 
fit for other purposes, and so on. It will thereby lessen the 
kindsof material which have to be produced, and the mills will 
have less trouble in filling specifications ; because if the material 
does not fill one it will fill another, unless the material is of such 
a quality that it fills none, and is only fit for remelting. They 
would lessen the work of the manufacturer by simplifying the 
varieties and kinds, without introducing difficulties and the pos- 
sibility of discussion as to what is and what is not proper mate- 
rial to be used; and as the specifications are also to provide 
for methods of inspection, they will avoid a great deal of discus- 
sion which is now going on under almost every contract, because 
it will be so well known what the inspector’s duties, rights, and 
privileges are, and what will be sufficient to fill the specifications, 
both in regard to material and the methods by which those 
qualities shall be determined. In view of this, the Council 
expressed the opinion that they concurred in Capt. R. W. 
Hunt’s suggestion that the matter be laid before the Society in 
order that official action be taken if the Society thinks it advis- 
able so to do. I trust I have fully explained the subject, but if 
any further information is required, I will, of course, gladly 
give it. 

The President.—This question is of such importance that. I 
hope the members present will be free to ask questions. I 
know many interesting ones were brought forth at the Council 
meeting, and I am sure that Mr. Henning can give any informa- 
‘tion which you may desire. Will anyone please raise any 
point, which Mr. Henning will gladly respond to. If there are 
no definite questions to be asked regarding details, it would 
seem to me appropriate that a motion be made referring it to 
the Council with power to act. If that is your pleasure, I will 
entertain such a motion. 

A motion to refer was made and seconded. 

Mr. Wm. Kent.—Mr. President, I think it might be advisable 
to have the whole matter printed and placed before the members 
so that they may have ample time to study it, and to have it 
then referred to the Council. By this procedure we would have 
ample time to consider the details of the matter before any 


| 
| . 
| 
} 
| 


HARTFORD MEETING. 655 


action is taken, and at the’ meeting next fall we may then 
authorize the Council to act, with power to establish the Com- 
mittee. I think it is premature to try to put the thing through 
now. 

Mr. Henning.--I think the suggestions made are eminently 
proper. There is no occasion to hurry the matter through. It 
was presented, as just stated, for full discussion. No report can 
_ be made by the date of the meeting of the next convention in 
Stockholm, August 23-25; and if the matter be presented more 
fully to the Society as a whole it certainly will bring forth a 
great many opinions which it is desirable to have. It is very 
plain that there are a great many objections to writing standard 
specifications, because many have the idea that the usefulness 
of all such work is limited, as it is apt to make everything stereo- 
typed; and nothing better can be done than to have the matter 
brought fully before the general membership and most com- 
pletely discussed. If it is then submitted to the Council there 
will be ample time to have action taken at the annual meeting. 

The President.—That seems to be an excellent suggestion, so I 
am prepared to hear a motion to that effect, that it be printed 
and circulated among our membership and brought up at the 
December meeting, there to be acted upon. 

Such a motion is made and seconded. 

The President.—The importance of this subject is brought to 
my mind by an incident that took place within the past two 
weeks, where I had occasion to see estimates on boiler specifi- 
cations, not very definitely written, and to find that they varied 
one hundred per cent. It must be that the lowest one bid on 
the cheapest. materials and the highest one on excellent mater- 
ials.. Such a standard as this would have brought those bids 
near together, and would have secured the selection of proper 
materials. 

Mr, Kent.—The same kind of boilers ? 

The President.—They were understood to be the same kind of 
boilers. The specification was rather inexactly written. 

The motion to print, etc., is carried. 

No other or new business being presented, the professional 
papers assigned for discussion were taken up as follows: 

Forrest R. Jones, “;Diagrams for Relative Strength of Gear 
Teeth”; F. J. Cole, “Experiments in Boiler Bracing”; De 
Volson Wood, “ Adiabatics” ; Frederick A. Bedell, “New Form 
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of Transmission Dynamometer”; R. 8. Hale, “ Fuel Gas Anal- 
ysis in Boiler Tests” ; R. C. Carpenter, “ Hygrometric Proper- 
ties of Coals.” 

Those who participated in the discussion on these papers 
were Messrs. John H. Barr, H. H. Suplee, Oberlin Smith, Wm. 
Kent, C. W. Hunt, Geo. I. Rockwood, Jas. Hartness, G. C. 
Henning, C. L. Newcomb, John Fritz, Geo. Richmond, Albert 
Kingsbury, C. J. H. Woodbury, J. H. Kinealy, R. C. Carpenter, 
and R. S. Hale. 


In organizing the afternoon excursion for this day a new 
experiment was tried and with what has appeared to have been 
a certain degree of success. When an excursion party to visit 
a works has over three hundred persons in it the number to be 
taken care of becomes so large that the real intent of the visit 
is likely to be frustrated. Hence, with the concurrence of the 
shops in question, the visiting members were divided into two 
great groups, generally upon the line of the numerical succes- 
sion in which they were registered. The members whose badge 
number indicated that they had registered before the number 
150 was reached, made their excursion to the works of the Pope 
Manufacturing Company, and those whose numbers indicated a 
later registration were escorted to the Columbia Motor Car- 
riage Works, to the Hartford Rubber Works, and to the Pope 
Tube Works. The first party, after completing the visit to the 
Pope Manufacturing Company, were escorted to the works of 
the Billings and Spencer Company, and the second group vis- 
ited the Pratt and Whitney Company. At all places represen- 
tatives of the office staff were at hand to serve as guides and 
escorts of their respective subdivisions through the works 
according to a prescribed programme, so that by this principle 
of subdivision it became possible for everyone to see every 
detail without the embarrassment which often follows from the 
congestion of large parties getting into small spaces. The 
arrangement by numbers was not made rigid or inflexible, so as 
to interfere with the preferences of friends, but was aimed 
merely to make the parties of manageable size. 

In the evening, by invitation of the Faculty and Corporation 
of Trinity College, a reception was tendered to the visiting engi- 
neers in Alumni Hall. Acting President Dr. Thomas R. Pyn- 
chon received the guests in his official garb, while a committee 
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of the students acted as ushers to attend to the conduct of the 
other features of the reception. After the attractive collation 
had been served in the hall the rugs and tables were moved to 
one side and dancing prevailed until a later hour. The repre- 
sentatives of the College, with their ladies, took active part in 
the entertainment of their guests. 


TuirpD Session. THurspay, May 27TH. 


This session was called promptly to order at ten o’clock and 
was exclusively devoted to professional papers. The assign- 
ments of the morning were as follows : 

Chas. H. Benjamin, “ Electricity versus Shafting in the Ma- 
chine Shop”; D. C. Jackson, “ Electrical Power Equipment for 
General Factory Purposes”; Francis Schumann, “ Volumnar 
Contraction of Cast-Iron”; A. L. Rice, ‘The Laws of Cylinder 
Condensation” ; H. A. Hill, “Tests of Sulzer Engines”; H. 
M. Lane, “ Method of Accounting to Determine Shop Cost and 
Selling Price.” 

The participants in debate upon these papers were Messrs. D. 
C. Woodward, C. H. Benjamin, L. S. Randolph, J. B. Blood, A. 
W. Robinson, H. H. Suplee, H. C. Spaulding, Jesse M. Smith, 
William Kent, John Fritz, A. A. Cary, Francis Schumann, A. F. 
Bardwell, W. B. Smith-Whaley, Oberlin Smith, George I. Rock- 
wood, George R. Stetson, R. H. Thurston, J. B. Stanwood, D. S. 
Jacobus, F. A. Scheffler, C. W. Hunt, H. C. Francis, H. L. 
Gantt, G. C. Henning, and W. R. Warner. 

The afternoon’s excursion was made upon lines similar to 
those of the previous day. The party which had visited the 
Pope Manufacturing Company on Wednesday, visited the other 
establishments this afternoon, thus enabling every member to 
see thoroughly all points. 

The fourth session, on Thursday evening, was devoted to a 
paper of somewhat popular character, illustrated with lantern 
slides from excellent photographs covering the History, Rise, 
and Development of the Bicycle. This paper was presented 
by Dr. Leonard Waldo. 

It had been the intention of the Local Committee that after 
the close of this session an exhibition should be given of the 
capabilities of Hartford’s self-propelling fire-engine ; but by 
reason of the inclemency of the weather this exhibition was 
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postponed until the following morning at an hour just before 
the convening of the professional session. This exhibition 
before an interested audience perhaps centred more general 
attention upon the presence of the engineers in Hartford than 
anything else which happened during their stay. 


Firra Session. Fripay, May 28ra. 


The papers assigned to the morning session, convened 
promptly at ten o’clock, were as follows : 

W. S. Aldrich, “ Rating Electrical Power Plants upon the 
Heat Unit Standard”; Gus C. Henning, “ A Mirror Exten- 
simeter” ; John H. Barr, “ Current Practice in Engine Propor- 
tions”; Thomas Gray, “A Continuous Steam Engine Indi- 
cator.” 

The discussion upon these papers was by Messrs. C. T. Porter, 
William Kent, F. A. Halsey, F. A. Scheffler, W. S. Aldrich, A. 
A. Cary, D. S. Jacobus, H. H. Suplee, John H. Barr, W. S. 
Aldrich, and Thomas Gray. 

At the close of the papers assigned for this session the Topi- 
cal Discussions were taken up, introduced by a short preface 
by the Secretary to the effect that it had been found desirable 
to introduce the subject to be discussed by a few paragraphs 
which should present one view of the question and then leave 
it for the meeting to continue it. Mr. E. J. Armstrong dis- 
cussed the question as to a wise steam distribution at early cut- 
offs; Messrs. Mack, Carpenter, Gray, Barr, Suplee, and Kings- 
bury discussed certain tests upon the efficiency of the bicycle 
as a machine ; and Messrs. Woodbury, Benjamin, and Sweet dis- 
cussed the subject of basement floors for machine shops. 
There was no time for the presentation of discussions on the 
rotary steam engine, the crystallization of iron by vibration and 
shock, and a note upon an historic wind-mill gearing, which 
were postponed to the next meeting or else were to be treated 
as presented by title. 

Two alternatives in the way of excursion were presented for 
this afternoon, but by reason of the perfect weather and the 
attractions offered by the excursion down the Connecticut River 
a comparatively small number only availed of the courteous 
invitation of the Colts Patent Fire Arms Company to visit their | 
works and armory. The attractive excursion in which the 
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greater number participated was that arranged by invitation of 
the Hon. John H. Hall in codperation with Mr. Frederick De- 
Peyster, to sail down the lovely Connecticut Valley from Hart- 
ford to Portland, with an opportunity at that place to visit the 
great brownstone quarries of the Brainerd, Shaler and Hall 
(Juarry Co. .The trip was made down the river in the beautiful 
light of a perfect May afternoon, with the elms and other trees 
of the landscape in their fresh green foliage. The party was 
accommodated upon a schooner with its tug-boat, and a small 
overflow party boarded a steam yacht. Arrived at Portland, 
the party was entertained at the office of the works, and thence 
transferred to a special train tendered by the courtesy of the 
New York, New Haven and Hartford Railroad, by which the 
party was conveyed to Berlin with a stop of a few minutes at 
East Berlin, where they were the guests of Mr. Chas. M. Jarvis, 
President of the Bridge Company, and were permitted a brief 
' opportunity to see his works. At Berlin a stop was made at the 
new power station, generating current for the operation of the 
electric line between New Britain and Hartford, making use of 
the third-rail system for the transmission of electric: energy. 
The train then ran into New Britain, where the party was 
broken up to board the open cars of the electric branch, and 
were conveyed at high speed back to the Union station at 
Hartford. A special high-geared motor on one of the cars 
enabled the trip to be made at the rate of nine and three-quar- 
ter miles in eleven minutes. 


Ciosinea Session. Fripay Eventne, May 28ru. 


The President opened the final session at half-past eigat, by 
announcing the committee required under Article XI. of the 
rules, whose duty it shall be to nominate officers of the Society 
for the ensuing Society year, beginning at the annual meeting 
in December. The President announced as such committee: 


Professional papers were then taken up as follows : 
Gus C. Henning, “ A Pocket Recorder for Tests of Materials ” ; 
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Thomas Gray, “The Effect of Alternate Positive and Negative 
Stresses in Iron and Steel”; Thomas Gray, “The Yield Point 
in Iron and Steel”; D. 8. Jacobus, “An Apparatus for Accu- 
rately Measuring Pressures of Ten Thousand Pounds per Square 
Inch and Over”; D. 8S. Jacobus, “ Tests to Show the Influence 
of Moisture in Steam on the Economy of a Steam Turbine ” ; A. 
K. Mansfield, “The Best Load for Compound Steam Engine.” 

In their discussion, Messrs. Gray, Henning, Woolson, Benja- 
min, and Thurston took part. 

General business being in order, the President called for the 
report of a committee which had been appointed to draw up for 
presentation at the meeting certain minutes or resolutions ex- 
pressive ot the recognition of the Society for courtesies extended 
to them while in Hartford. Besides the general excursions 
which had been arranged for the membership in large bodies, 
there were other and particular courtesies which had been 
extended in the form of special invitations, special attentions to 
the ladies of the party, and in particular the general courtesy 
which had been extended to the Society in making its members, 
while in Hartford, the guests of the electric trolley lines of the 
city. This gave them free transportation in the large parties 
which went from hotels to the different establishments ; but, in 
addition to this, the members, in their individual capacity for 
pleasure and other rides, were not allowed to pay their fare, but 
an abundance of books of coupon tickets were put at the service 
of all who would ask for them from the Secretary. The Com- 
mittee on Resolutions therefore sought to cover all these various 
courtesies and attentions in the form of a series of papers which 
were presented to the Secretary for reading, as follows : 

Resolved, That the American Society of Mechanical Engineers, which has con- 
vened in the city of Hartford for its thirty-fifth regular meeting, desires to put 
on record its sense of recognition for the courtesies which have been enjoyed at 
the hands of the manufacturers of Hartford. These gentlemen have opened 
their works to the free inspection of the visiting engineers, who fully appreciate 
all that it means to have the works thus laid open to outsiders. 

The Society would especially extend its hearty thanks to Col. Albert A. Pope 
and his associates in the Pope Manufacturing Company ; to the Hartford Rubber 
Works, to the Motor Carriage Works, and to the Pope Tube Company. The 
Society would particularly record its appreciation of the considerate way in 
which its visits were organized to these various works, for the division of the 


visiting party into small groups, and for the care which has been taken to see 
that every visitor should profit by the visit that he was permitted to make. 


Resolved, That the American Society of Mechanical Engineers recognizes the 
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historic preéminence, in the manufacturing world, of Hartford and of the Pratt & 
Whitney Company, and begs that the latter will accept the sincere thanks of the 
Society for the privilege accorded of a visit of inspection to their works, and the 
assurance of its interest in the machinery and processes which it was there given 
an opportunity to study. 


Resolved, That to the firm of the Billings & Spencer Company the American 
Society of Mechanical Engineers accords the preéminence of being one of the 
first establishments to see the field in economical manufacture which would be 
opened by the successful introduction of the process of drop forging. The intro- 
duction of this process into the manufacture of guns and small arms, sewing 
machines, carriage-making, aud latterly the bicycle manufacture, has been one 
of the elements which have given to American mechanics and engineers their 
world-wide fame. The Society would tender to the Billings & Spencer Company 
its sincere thanks for the opportunity to visit their works and see the process of 
forging in one of the places of its birth. 


Resolved, That in the department of the manufacture of small arms the City 
of Hartford has long stood preéminent. One great cause of this position and 
reputation has been the standing and success of the great armory which is 
known as the Colt’s Patent Fire Arms Manufacturing Company’s Shops. The 
Society desires to express to Mr. John H. Hall, Manager of this company, and. 
his associates in charge of its various departments, its sincere thanks for the 

‘ courtesy of an invitation to visit the armory during its stay in Hartford. The 
Society can ouly regret that the very fulness of its programme, which has been 
made to include so many points of professional interest, has made it impossible 
for all the members to avail of the opportunity as they would bave desired. 


Resolved, That the American Society of Mechanical Engineers, to which has 
been extended an opportunity to visit the great brownstone quarries of the 
Brainerd, Shaler & Hall Quarry Company of Portland, would seek by this resolution 
to record its sense of pleasure in this invitation and its indebtedness to the Hon. 
John H. Hall, who has made the arrangements for this visit. The Society would 
seek to include in this resolution and in its expression of thanks Mr. Frederick 
DePeyster, the General Manager of the quarry company, and would thank him 
in a special way for the assiduous care that he has taken in the matter of detail 
concerning the arrangements. 


Resolved, That in these days of mechanical traction in our important cities the 
Company and its President who provide free transportation on its trolley system 
for the guest whom they desire to honor extend to such a guest a courtesy and 
attention which is only to be compared to that honor which in an older day and 
under other conditions has been called ‘‘ the freedom of the city.” The Ameri- 
can Society of Mechanical Eugineers wishes to express to Mr. E. 8. Goodrich, 
President of tne Hartford Street Railway System, and his associates in that 
business, its sincere thanks for the exceeding courtesy which the Society has 
enjoyed in being permitted to ride about the city during its stay as the guests 
of the Railway Company. Not sati-fied with giving to the Society the surprising 
number of 4,000 complimentary tickets, the Company has supplemented that by 
additional provision so that by no possibility should any member fall short. 


The question of the scope of the Mechanical Engineer in the field of trans- 
portation is one which the increasing development of our country is continually 
43 
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widening. Not the least interesting department of this work is that where the 
Mechanical Engineer unites with the Electrical Engineer in installations of great 
magnitude between points which are at some distance from each other. It is not 
yet definitely settled what are the limits within which the distribution of elec- 
trical energy is commercially to compete with the direct application of steam to 
traction, and for this reason the American Society of Mechanical Engineers has 
much appreciated the opportunity to inspect the great power house of the third- 
rai] system at Berlin, and to enjoy a ride upon the electrically propelled cars of 
the New Britain branch of the N. Y., N. H. & H. R. R. 

The Society would express its sincere thanks to Col. H. N. Heft, Chief Electrical 
Engineer of the N. Y., N. H. & H. R. R.; to Mr. John Henney, Superintendent © 
of Motor Power; and to Mr. Davidson, Division Superintendent ; and to Vice- 
President John H. Hall, together with their associates in the Transportation de- 
partment of that great railway, for the courtesies that they have received at their 
‘hands. They appreciate in particular the transportation by special trains, which 
has enabled them to include the visit to the power plant in an afternoon already 
busily occupied, and for all the facilities which have been put at the convenience 
of the members for their excursion on this occasion. 


Resolved, That the American Society of Mechanical Engineers desires to 
express its thanks to Mr. Chas. M. Jarvis, President of the Berlin Iron Bridge 
Company, for his courteous invitation to make a stop at the shops and for the 
attentions which were there enjoyed. 


Resolved, That the American Society of Mechanical Engineers desires to 
express thanks to the Board of Fire Commissioners for the courtesy which was 
put within their reach by the opportunity given to see the action in service of 
Hartford’s great self-propelling fire-engine on the morning of May 28th. They 
would express themselves as much pleased and interested to see the mechanical 
impressiveness of the self-propeller, the ease with which it was manceuvred, 
and its powerful appearance, which seems to justify its affectionate designation 
in the city which is proud to claim it for its own. 


In the American Society of Mechgnical Engineers the custom has not as yet 
prevailed of giving to the ladies in attendance an open voice in the conduct of its 
routine business. The members therefore must make themselves the mouthi- 
piece for the expression to the ladies of Hartford of something of the indebted- 
ness which the visiting Jadies feel for those special and individual courtesies 
which have passed between the visiting ladies of the Society and their hostesses. 
Besides the individual attention in the matters of drives and the like, an especial 
emphasis should be given to the courtesy shown in so effective a way by the after- 
noon tea at the Allyn House, over which the Hartford hostesses presided, and 
which they succeeded in making so festal and enjoyable an affair. 'The members 
beg that the very clumsiness of the note of thanks may be taken as a foil to set 
off the delicacy of the attentions shown by the ladies. 


The American Society of Mechanical Engineers desires to return to the 
Officers and Governors of the Hartford Club its sincere thanks for the consid- 
erate attention which has been shown to them in the form of the special cards 
whereby the visiting members were put up at the Club for the privileges of club 
membership during their stay. This attention, coming from sources not immedi- 
ately connected with mechanical engineering, the Society takes as an evidence of 
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kindly feeling toward mechanical engineering on the part of Hartford citizens 
which is particularly pleasant and for which a sincere expression of thanks is due. 


The reception which was tendered to the Mechanical Engineers by the Faculty 
and Corporation of Trinity College will form one of the pleasantest memories of 
the week which the Society has spent in the city of Hartford. The close rela- 


tion between education and engineering is often more fully appreciated by the 
engineers than from the other direction. 


This circumstance gives special signi- 
fiance to the action of the college authorities, and the Society would seek by this 


resulution to record its appreciation. They would beg the Faculty and Corpora- 
tion of Trinity College to accept their thanks for their graceful courtesy, for the 
opportunity to meet the workers in a different field than their own, and for the 


strengthening of the bond between literary culture and the practical achievements 
of science and engineering. 


Resolved, That the American Society of Mechanical Engineers begs to return 
to the Board of Trade of Hartford its sincere thanks for its cordial invitation to 


make use of its rooms in the Phoenix Insurance Company’s building during their 
stay in the city. 


The very full programme of regular excursions arranged for the Society 
during its stay in Hartford precluded the possibility of making visits in a body 
to all points of professional interest in so busy a manufacturing city. 

The Society therefore requests that the firms and shops which have extended 


the courtesy of an invitation to individual members or small parties will accept 
its mo-t sincere thanks for this attention. 


The Society would include among those in this list the following: Hartford 
Woven Wire Mattress Company, Smith Bourne Company, The Hartford Cycle 
Company, Dwight Slate Machine Company, The Jewell Belting Company, Hart- 
ford Typewriter Company, Spencer Automatic Machine Screw Company, Trinity 
College, Asa S. Cook Company, Whitney Manufacturing Company, Thorne 
Machine Company, States Machine Company, Eddy Electric Company, Hartford 
Electric Light Company, Hartford: City Gas Light Company, Hartford Street 
Railway Company, Perkins Electric Switch Company, National Machine Com- 
pany, Pratt & Cady Company, The Hartford Machine Screw Company. 


Resolved, That the American Society of Mechanical Engineers includes in its 
votes of thanks and recognition a minute expressive of the appreciative treatment 
which the Society has received from the Press of the City of Hartford, and asks 
that that body will give suitable publicity to the action which the Society has 


taken. 


The American Society of Mechanical Engineers has again to make for itself an 
attempt to express on behalf of the ladies of its party something of the thanks 
which are due to Messrs. Cheney Bros. for the attentions shown on the occasion 
of the special excursion to their mills at South Manchester, for the delightful tea 
tendered them on this visit at the residence of Mr. Cheney and the opportunity 
for a charming personal acquaintance, for the visit to the mill, and for the most 
attractive souvenir which the ladies were permitted to take away with them. 
The Society would seek to include in this resolution the Hartford, Rockville & 
Manchester Tramway Company, which, through its Secretary, Mr. Haynes, pro- 


vided special cars for the trip and extended to the Society the courtesies of the 
road for this excursion. 
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¢ 
Resolved, That the members of the American Society of Mechanical Engineers. 
extend their hearty thanks to the Hartford Steam Boiler Inspection & Insurance 
Company, to Mr. Jeremiah M. Allen, its President, and to his associates for the 
courtesy of the invitation to visit their offices, with their technical museum and 
special appliances, and can only regret that it has not been possible for them to 
avail more generally of the privileges of this invitation. 


Finally, When the American Society of Mechanical Engineers concludes, as it 
now does, one of its mpst successful conventions, it rises to adjourn with a sense 
of obligation to its Local Committee of Arrangements which is but feebly re- 
flected in the somewhat formal mould of an official vote of thanks. The Society 
begs to ask that Mr. C. E. Billings, Chairman of the Local Committee, and Mr. F. 
C. billings, its Secretary, will make themselves the channel through which their 
associates on the Local Committee may be assured of a heartfelt appreciation of 
their labor, and that they will accept the congratulations of the convention upon 
one of its most successful reunions, 


At the close of the reading of this record it was moved that 
the Secretary be instructed to communicate by letter a copy of 
the resolution pertinent to each of the parties mentioned, and 
by an amendment it was directed that these resolutions be suit- 
ably engrossed for this purpose. The resolution to adopt the 
foregoing report as the action of the Society and the special 
resolutions concerning transmittal were unanimously adopted, 
and by arising vote. The President in concluding the session 
suggested that the members might give personal point to their 
sense of recognition of the success of the Hartford meeting by 
the writing of individual and personal letters to their hosts after 
the return home ; whereupon it was on motion resolved that the 
Society adjourn. 

The next meeting, which will be the XVIIIth annual meeting, 
is to be expected in the city of New York in the last days of 


November. 
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VOLUMNAR CONTRACTION OF CASTINGS IN 
COOLING.+ 


BY FRANCIS SCHUMANN, PHILADELPHIA. 


(Member of the Society.) 


INTRODUCTION. 


Ir is proper that I should preface the reading of this paper 
with a few remarks. The object of the researches contained is 
to guide the engineer in the designing of the parts of a machine 
that he may avoid the occurrence of initial stresses and conse- 
quent deformation ; it will likewise enable the foundryman to 
shift the responsibility for cracked and distorted castings from 
his shoulders to those of the designer, and be relieved of the 
necessity of performing feats of acrobatic twists in order to ob- 
tain castings perfect to the eye from forms and shapes grossly at 
variance with the laws of cooling. 

From a commercial point of view, a conservative estimate of 
the daily losses of castings due to shrink cracks and deforma- 
tion is at least five dollars per foundry, and there being about 
four thousand foundries in the United States, the aggregate loss 
is twenty thousand dollars per day. The loss of a large casting 
may reach hundreds of dollars. 

A knowledge of the laws of cooling and the consequent con- 
traction will show that wrong proportions of the shrouding of 
gear wheels, while supporting the teeth, may seriously weaken 
the rim of the wheel, by reason of the initial tensile stress from 
the greater rate of contraction in the rim than the shrouding. It 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 

+ This paper contains addenda to the paper presented at the New York meet- 
ing (December, 1896) of the American Society of Mechanical Engineers, entitled 
‘Contraction and Deformation of Iron Castings in Cooling from the Fluid to the 
Solid State,” and is intended to open and continue discussion on that subject. 
The first paper appears as No. 718, Transactions A. 8. M. E., vol. xviii., 
p. 394, 
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will also throw light upon the paradoxical results of some of the 
experiments of Fairbairn and Hodgkinson on cast-iron girders 
and beams. In a tee section, for example, improper proportions 
between the flange and web may cause the shifting of the neu- 
tral axis away from the centre of gravity of the section, verify- 
ing the conclusions of Barlow upon this point. 

It will prove the wisdom of the practice of separating the hubs 
of fly-wheels, thus permitting the free movement from variance 
of contraction in the rim and arms. It will also be a guide to 
determine the proper number of arms in wheels with a view to 
maintaining a more equal rate of contraction between the arms 
and rim; 7.¢., diminishing the number of arms and increasing 
their sectional area. The application is indefinite. The above 
few examples are sufficient to illustrate the bearing of the paper. 

I would add that the table of contraction is based on an 
initial contraction of one in ninety-six. If the mixture of the 
iron varies from that upon which the table is based, of course 
the contraction would vary accordingly. 


The linear or longitudinal rates of contraction, given in the pre- 
ceding part of this paper, were deduced from investigations of 
which the following is a brief abstract or condensation, the vari- 
ous resulting formulz only being given. 

As the rate of cooling, or dissipation of heat in a casting—cool- 
ing from the fluid to the solid state in a sand mould—decreases 
with the volume or mass, it follows, because the rate of con- 
traction decreases with the rate of cooling, that the contraction 
decreases with the volume or mass. 

For the purpose of simplicity and convenience, the cubical 
_ form of casting was adopted, and the volumnar rate of contrac- 
_tion sought, from which finally the linear contraction was deduced. 

If the rate of contraction bear a relation to the rate of cooling, 
or ratio 72, it follows that their respective ordinates, from a com- 
mon abscissa, must bear a certain relation to one another, or 
that one can be determined from the other. 

To determine their relation it is necessary that the rate of con- 
traction be known for any two different values of 2. It was 
found experimentally that the rate of contraction of a given mix- 
ture of iron for a one-inch eube was double that of a twelve-inch 
cube (or 1,728 times that of the one-inch cube), the respective — 
ratios # being 6 and 4, oras12tol. This proportion of con- 
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traction remains the same, no matter what the rate of contraction 
may be resulting from a change in the mixture of the iron, or at 
what temperature it is poured in the motild, provided the tempera- 
ture be nearly alike for the smaller or larger cubes. 

The remark that the temperature “be nearly alike” is based 
on the observed results that slight variations in temperature of 
the molten iron in the ladles, when poured in the mould, say, 300- 
pound ladles poured about five minutes apart, does not appear to 
have any measurable effect upon the rate of contraction. 

In the following formule /? would be the ordinate for a curve of 
the rate of cooling, while K would be that for a curve representing 
the corresponding ratio of the rate of contraction. 

From the values of /? and KX, the rate of contraction of any 
mixture of iron can be determined for any value of when the 
rate of contraction of a test piece is known. 

The correctness of the above reasoning is verified by actual 
results observed for many variations of form of casting and dif- 
ferent values of 7. 


REFERENCE. 


A = superficial area of cube. 
C = rate of linear or longitudinal contraction. 

C,,, = rate of contraction per unit of volume of cube (1 inch). 
K = ratio or coefficient of contraction, varying with 2, 


# = ratio or cooling surface to volume = y 
vy = £ for unit, 1 inch cube = 6. 
s= dimension of cube in inches = 4/V before contraction. 
s, = dimension of cube in inches = {/V, after contraction. 
V = volume of cube in inches = s° before contraction. 
V, = volume of cube in inches = s,' after contraction. 
V, = volume of contraction = V— J,. 


» = volume unit = 1 cubic inch before contraction. 
Ve 


volume unit = 1 cubic inch after contraction. 
volume of contraction = v —2. 


6 
s) ] = (0.90909 + 0.090909) s 
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Cn = V2= 


| 0.90909 + (0.090909 s) 


1 11 

10 + PR 


0.90909 +. + (0.09090 0909005, 


TABLE OF VALUES AND RESULTS. 


Based on ordinary foundry irons, in which the longitudinal 
contraction of a test piece, 1 inch square, is ae ; Y, = 0.96907439, 
and v, = 0.03092561. 


8 


li 


0.96907 0.0309 
7.7782 0.2268 
26.2935 0.7065 
62.4449 1.5551 
122.1652 2.8348 
211.4075 4.5925 
336 . 1363 6.8637 
502.3237 9.6763 
715.9478 13.0522 
982.9909 17.0091 
1,309. 4389 21.5611 
1,701.2802 26.7198 
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The lineal contraction C = 


foundry irons. 

In these formule for C, the loss of heat, from the ends of a 
prism, is ignored, it being assumed that the length of the prism is 
not appreciably affected by loss of heat at the ends. 
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DCCXXVI.* 


A NEW FORM OF TRANSMISSION DYNAMOMETER. 


BY FREDERICK BEDELL, ITHACA, N. Y. 


INTRODUCTION BY Rk. H. THURSTON. 


THE accompanying paper by Dr. Bedell describes a very 
beautiful and ingenious device which has been employed by 
him for some time past in the laboratories of Cornell Uni- 
versity in various researches in which he has been engaged. 
One of its suggested applications is, among many others, that 
here indicated. It would seem practicable to adopt it, in special 
cases, for use as the indicating system of a transmitting dyna- 
mometer. It has performed such admirable work in its origi- 
nally adopted place that there can be little doubt in the minds 
of those who have seen it in operation that it is capable of 
further useful application. This conviction has induced the 
request with which Dr. Bedell now complies, that he would 
describe it to the members of the American Society of Mechani- 
cal Engineers. 

THE BEDELL DYNAMOMETER. 


The apparatus which forms the subject of this paper has not 
been employed as a dynamometer, but has been used for some 
years in a different form in experiments upon synchronous 
motors.t The instrument has given such satisfaction that it is 
with confidence that the application of the principle to the 
transmission dynamometer is advocated. 

The dynamometer is shown in Figs. 202 and 203, which have 
been drawn to show the relation of the parts rather than the actual 
construction of the instrument. The shafts S and S’ are the 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 

+See ‘‘Optical Phase Indicator and Synchronizer.” by G. 8S. Moler and F. 
Bedell, Trans. Am. Inst. of Elec. Engr’s., vol. xi., page 586; also, ‘* Action of a 
Single Phase Synchronous Motor,” by F. Bedell and H. J. Ryan, Jour. Franklin 
Inst., vol. exxxix., page 197. 
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two shafts between which the power is transmitted. These are 
arranged in line and with ends abutting. The shafts are con- 
nected by any convenient system of springs. This system may 
consist of a single spring or a number of springs, which may - 
be either for tension, torsion, or compression. The annular 
disc D, supported by the frame G, is carried by the shaft S. A 
similar disc D’, supported by the frame or spider F, is carried 
by the shaft S’. In the particular form shown, the frame G@ 


Fie. 202. Fie. 203. 


carries four lugs B which are connected to the spider F’ by 
the springs BC, which may be either springs for tension or 
compression. 

The exact arrangement of the spring connection between the 
shafts S and S’ has no direct bearing upon the principle of the 
dynamometer, and any form of connection may be omghayst 


‘which is found most convenient. 


Let us suppose that we have the shafts S and S’ running, let 
us say, at a constant speed and with a variable load ; that is, the 
shaft S is transmitting an unknown and varying amount of 
power to the shaft S’. When the shafts are idle they have a 
certain angular position with relation to each other. When 
they transmit power, however, the shafts depart from the zero 
position with reference to each other by an angle 6, which 
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depends upon the strength of the springs and the torque 
between the two shafts. 

To determine the amount .of power transmitted from one 
shaft to the other it remains to determine this angle # by which 
one shaft is displaced with reference to the other. This angle 
4 may be determined by the following simple method, which 
constitutes the distinctive feature of this dynamometer : 

In the dise D are slits X, X, X, X; corresponding slits X’, 
AX’, X’, X” are in the disc D’. These slits are slightly curved, 
as shown in Fig. 203, the exact curvature necessary 
being explained later. The slits in one of the dises a 
are the exact counterpart of the slits in the other 4 
dise, curving, however, in the opposite direction. 
The slits thus superposed give a single point of 
intersection. As the shaft S’ is turned through an : 
angle # with reference to the shaft S, the slits X' 
shift with reference to the slits X, and the point of : 
intersection of the two slits is accordingly moved E—5 
inward or outward from the centre of the discs. - 
The openings formed by the intersections of the ‘ie 
slits will show a continuous ring of light Z, if the aa %. 
dises are illuminated from behind. Foraconstant "1 704. 
torque the position of this ring of light will remain constant. ~ 
The ring of light will, however, move inward or outward as the 
torque varies. 

The slits are made of such a curvature that the change in the 
radius of the circle of light Z is directly proportional to the 
change in the angle 4—that is, to the torque. 

The instrument may be direct reading, and experience has 
shown the following form to be convenient. An incandescent 
lamp is placed behind the discs. This lamp is enclosed in a 
suitable opaque box so that it illuminates only the disc. In 
front of the discs is a stationary opaque screen covering entirely 
the whole apparatus. In this screen is a ground-glass window 
MN (see Fig. 203). The incandescent lamp is behind the two 
discs and directly opposite this window. Instead of a complete 
circle of light Z we only see a line of light across this window. 
The scale at the side of this window shows, the horse-power 
direct for a given speed, as shown in Fig. 204. As explained 
above, the slits are made of such a curvature that the divisions 
of the scale in Fig. 204 are equal. The position of the line 7 in 
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Fig. 204 indicates 6.3 horse-power at a speed, let us say, of 400 
revolutions per minute. When the speed is not maintained 
constant, it is necessary to determine the speed and to correct 
the reading accordingly. 

It is thought that such a dynamometer, being simple and 
direct reading, will prove convenient not only in testing dyna- 
mos, turbines, engines, and revolving machinery of all sorts, but 
that it will find a useful place in power-houses and factories. 
Thus the engineer in charge of a station, cable-house, or factory 
can at a glance see the exact amount of power which is being 
used, and he can regulate his turbines or the supply of steam to 
suit the demands. 


DISCUSSION. 


Mr. Oberlin Smith—It seems to me that the principle pro- 
posed by Professor Bedell is a beautiful thing for an appliance 
revolving at a high enough speed to enable the observer to see 
the light coming through the slots as a line or circle. On 
many engine shafts and line shafts turning at a low rate of 
speed, I should fancy that the circle of line would not be con- 
tinuous, and that it would be difficult to observe intermittent 
dots of light. 

Prof. F. I. Hutton.—For slow speeds of rotation the number 
of slots could be increased so as to give the effect of a continu- 
ous band of light. 

Mr. C. J. H. Woodbury.—F¥or the determination of the relative 
position of two bodies revolving in the same direction and on 
the same axis, there:is another method than the use of a beam of 
light. in the manner illustrated in this paper. If an electric 
- circuit is applied to the apparatus, with conductors terminating 
on the edge of the dises in such a manner that they will be in 
contact and complete the circuit when opposite to eachother, 
this circuit will be broken whenever the relative position of 
these two discs is changed; and the amount of this angular 
motion can be measured with precision by moving one of the 
conductors until the circuit is closed again, using any of the 
usual methods such as a sliding collar containing a_ helical 
groove of large pitch, and moved along one shaft by a fork fit- 
ting ina groove. The amount of the angular motion or distortion 
between the two discs can readily be measured with great pre- 
cision. The preferable method of ascertaining the closure of 
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the circuit is by a telephone, and either a rapid interruption of 
the circuit or a continuous sound, xs a tuning-fork or a whistle 
into a receiver, will indicate the establishment of the circuit. 

I do not know who originated this application of the tele- 
phone in the determination of the closure of rapidly moving 
circuits, but it is in frequent use in physical laboratories and 
engineering investigations ; for example, in the tests upon the 
flexure of material under test, particularly that of shafting 
under combined bending and twisting in experiments made at 
the Massachusetts Institute of Technology. 
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DCCXXVIL.* 


THE BEST LOAD FOR THE COMPOUND STEAM 
ENGINE. 


BY ALBERT K. MANSFIELD, SALEM, 0. 


(Member of the Society.) 


WE have records of tests of simple non-condensing engines 
under different loads, to determine the best point of cut-off of 
such engines ; that is, the point of cut-off corresponding to most 
economical performance. | 

Results of such tests are not at hand, to the writer’s knowledge, 
in case of compound engines. Most of the reports of engine 
tests which are made public give the performance of the engine 
under some particular load, which is either the load for which 
the engine was built or the available load at the time of testing. 

In making such tests the results would have greater value if 
the economy were observed for each of a variety of different * 
loads. By this means the best load for the engine could be 
ascertained. There can be no doubt that size of engine, speed 
of engine, per cent. of clearance space, method of distributing 
steam—all have a bearing on this matter ; therefore a good many 
recorded tests need to be made to enable this subject to be well 
understood. 

In the case of the Milwaukee pumping engine designed by 
‘Mr. Reynolds, which gave the “record performance” of 11.68 
pounds of dry steam, how may it be known from the test that 
a still better result might not have been obtained with some 
greater or less load than that of the test ? 

Fig. 205 will illustrate this matter clearly. This figure is a 
graphical record of tests of two compounds of Buckeye Engine 
Co’s. make, both condensing engines. The first series of tests, 
made by Daniel Ashworth, member of this Society, consists of 
eight tests of a tandem engine, having cylinders 11 inches and 
19 inches diameter and 24 inches stroke, running at 160 revolu- 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
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tions. The nominal rating of the engine is 160 horse-power. 
The best result, however, was obtained at about 170 horse- 
power, and this result was, according to careful computation 
from the records, 16.3 pounds of dry steam. Owing to the fact 
of slight deviation from an easy curve which may be drawn 
through the small circles of the diagram, it would not be fair 
to claim better than 16} pounds. The averaye result between 
90 and 200 horse-power is 17$ pounds. 

The clearance spaces are, high pressure 5.6 per cent., and low 

pressure 3.7 per cent. 
_ It should be borne in mind that this engine is of rather high 
spee:l and small power ; has no steam jacket or reheater ; uses 
steam at 110 pounds initial; used condensing water at 5 
degrees, and has a cylinder ratio of only 3 to 1 in order to meet 
very fluctuating load and heavy overload. These conditions are 
all against good compound economy. 

The second series of tests illustrated by the diagram were 
made by Geo. H. Barrus, member of this Society, on a 14 by 24 
and 28 by 24 cross-compound, and may be found reported in 
detail in the Engineering Record of February 17, 1894. The best 
result of these tests was 15.71 pounds steam per horse-power 
per hour when delivering 245 horse-power, and, owing to an 
unfortunate accident, there was during this series of tests a bad 
leak at the high-pressure valve. Mr. Barrus estimates that but 
for this the result would have been as low as 15 pounds, but 
merely allowing 2 per cent. on account of this leak, 15.4 pounds 
can fairly be claimed. This engine ran at 160 revolutions ; used 
steam at 120 pounds pressure, had no steam jacket or reheater, 
and had a cylinder ratio of 4 to 1. The difference between 15.4 
and 16.5, about 65 per cent., may be said to be due to the 
increase by 10 pounds of initial pressure ; to the increased 
ratio of cylinders, and to the larger power of the latter engine, 
whose nominal power is 300 horses. The clearances of this latter 
engine were, high pressure 3.6 per cent., and low pressure 6.4 
per cent. 

‘It is hoped that members of the Society who have available 
and reliable data of this sort will present them for record. 


DISCUSSION. 


Prof. R. H. Thurston.—Mr. Mansfield’s question, “ How are we | | 


to know at what ratio of expansion the compound, or any other, 
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engine will do its best work ?” is a very pertinent and important 
one. 

Certain principles have, however, long been settled, bearing 
upon this question, and possibly their statement may help us to 
construct a practical method of at least approximately determin- 
ing the best rating where extended experiment, involving trials 
at a wide range of loading, has not given a direct solution of the 
problem. 

For the ideal, purely thermodynamic case, the solution is 
definite and exact. That cut-off which permits expansion to the 
back-pressure line is that which gives maximum efficiency, and 
without regard to type of engine. For the case in which 
thermodynamic and mechanical wastes only are considered, as 
commonly discussed by earlier engineers, as by D. K. Clark 
and by Rankine, the principle was long ago established, as 
stated by the last-named authority, and earlier by its first 
expounder from the theoretical standpoint, Professor Tate, 
in his Mechanical Philosophy in 1868: “The greatest useful 
work is obtained when making the expansion cease when the 
forward pressure is just equal to the back pressure added to a 
pressure equivalent to the friction of the engine.” (Rankine’s 
Life of John Elder.) This last statement, however, ignores the 
effect of internal wastes by radiation, cylinder condensation, 
and leakage. 

When all wastes are considered, the point of cut-off is very 
closely, if not accurately, that which makes the terminal pres- 
sure on the expansion line equal to the sum of back pressure, 
friction resistance, and an additional quantity proportional to 
the thermal extra-thermodynamic wastes of the engine. This last 
figure will bear very nearly that proportion to the back pressure 
which the condensation and leakage and radiation wastes, as a 
total, bear to the total steam supplied, without condensation, 
at the point of cut-off. 

Experience shows that in the best simple engines, as com- 
monly operated, and when of large size, the terminal pressure at 


the adjustment giving highest “duty ” is not far from ten pounds ~ 


above a vacuum, condensing, and twenty pounds, non-condens- 

ing. For good compounds it is usually, I think, about eight 

pounds for the condensing and eighteen for the non-condensing. 

For the best triple expansion the terminal pressure is some- 

times as low as six for the condensing machine, and probably— 
44 
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I have no facts at hand for this case—two pounds above atmos- 
phere for the non-condensing engine. These figures must evi- 
dently vary with the conditions affecting the internal wastes. 
Mr. Mansfield may be able to determine just what his engines 
give as the best terminal figures, and thus obtain a standard for 
his own practice. Different constructors will find their results 
to vary with that determining condition. 

Mr. Mansfield asks: “ How may it be known from the test 
that still better results might not have been obtained with some 
greater or less load than that of the test?” in the case of the 
Milwaukee engine. That question has been investigated, and 
it may be interesting to see just what the conclusions arrived at 
indicate. 

The method adopted is one which we owe to the extraordinary 
genius whose work lies at the basis of all progress made during 
the last half-century relative to the theory and practice of the 
time affecting the real, as distinguished from the ideal, thermo- 
dynamic engine. This method was published by Professor 
Rankine nearly a half-century ago, was lost sight of, or at least 
neglected, for a generation, and finally brought to the notice of 
this Society by our colleagues, Messrs. Wolff and Denton, fifteen 
years ago, in one of the most notable papers yet preserved in 
our Transactions. Its application by Rankine to the ideal case 
gave rise to evidently discordant results, as judged by expe- 
rience with the real engine, and this has probably prevented its 
use by later designers and constructors. In my own work I 
have been greatly interested in working out corrections for the 
neglected wastes, and find it perfectly practicable to employ it 

for practical purposes in a manner of which this case will afford 
excellent illustration. 

Rankine’s false deductions simply arose from the fact that, in 
laying down the “curve of efficiency,” as I have been accus- 
tomed to call it, he adopted the curve of adiabatic mean 
pressures of the ideal machine. This curve, however, should 
accurately represent the ratio of the work performed by a given 
‘ quantity of steam in the cylinder of the real engine; his curve 
had for its codrdinates the quantity of steam, and the work 
derived from that amount of steam at various points of cut-off. 
The actual work of any stated weight of steam is less than in 
the ideal case by that proportion which is condensed at en- 
trance into cylinder and fails to perform work. Thus, reducing 


: 
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the ordinates of Rankine’s curve by this proportion, we obtain 
“the real curve of efficiency ” for any engine. 
The steam pumping engine is usually constructed to attain a 
demanded, and often a guaranteed, “duty,” as called for by 
a contract made to meet the requirements of a specification to 
which rival constructors were compelled to bid. ‘The system is 
a false one, as it leads to constructions financially inefficient. 
But the constructor has no choice in such cases, and must 
supply what is called for by the advertisement and specifica- 
tion. In illustration of such a case, consider the Milwaukee 
steam pumping engine, of which the results of trial have been 
very completely reported.* 
In this case the following data were secured : 


Volume of 1 pound, cubic feet. 3.272 


Steam, cubic feet, per stroke. ...........ccccccccsesecs 


The dimensions of the engine, 
machine, are as follows: 


a triple-expansion, condensing 


Diameter of low-pressure cylinder, inches ............ 


Area of piston, square inches...... kdeetbeweisesonse 29.861 
Piston displacement per stroke, cubic feet............. 149.305 
Clearance space, cubic feet.... ..........csceceecceee 2.09 
Total volume low-pressure cylinder, cubic feet .... ... 151.375 
Cut-off, assuming no condensation..................+- 6.98 
Relative volumes of cylinders............... 1.0; 2.98; .059 
Average mean effective pressure, pounds, .48.75 ; 14.45 ; 8.85 
Same, reduced to low pressure.............. 6.98 ; 4.85 8.85 


Total mean effective pressure, low-pressure cylinder, 
Condenser pressure, abstract, pounds ..............++- 
Engine-friction, per cent....... 9.22 
Same reduced to low pressure, back pressure, pounds. . 1.9 


The costs of this engine, as reported by the builders, were :t 


* Transactions A. 8S. M. E., 1898. Sibley Journal of Engineering, 1894. 
+ [bid. 
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(1) Annual Cost per Cubie Foot. 


] Interest on cost of engine, at 5 per cent................... $22.45 


(3) Ratio of Fuel Account per Cubie Foot of Steam. 
Estimated cost of ‘full steam,” as above.............. $1,830.50 


(4) Efficiency ratio, as above.* 


| The curves of efficiency for this case are constructed by first 
| laying down, as usual, the curve of efficiency for adiabatic 
expansion (Fig. 206), then, beneath it, the true curve for the 
actual case, correcting the ordinates of the former by deducting 
the measure of the loss of work due to wastes of steam in the 
engine at each selected point in the curve, on the assumption 
that the loss known for the ratio of expansion observed on the 
trial would vary too little in absolute amount to effect results, 
and thus obtaining the curve taken for this case, with ordinates 
less than those of the ideal curve by a constant quantity 


* All other items than those enumerated are here omitted from the account, on 
the assumption that, in this case, cost of attendance, ete, would not be 
affected by any variation of proportions of engine due to transfer from a duty to a. 
financial basis, in designing. 


| Costs. 
| 
Annual cost of fuel, good anthracite iy 
Cost per Cubic Foot of Low-Pressure Cylinder. 
1.37 
(2) Boiler Account per Cubie Foot of Cylinder. 
Interest on cost, at 5 per $4.30 
Repairs and maintenance 1.37 
| 
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derived from the log of the trial. This curve corresponds very 
closely to the curve # on the illustrative diagram already 
given. As laid down, the proportion of work to steam employed 
in its performance is measured by the ratio of {he steam vol- 
ume (0.059) to the mean effective pressure (21.93) of the trial. 
At the point thus identified by the results of test, the ideal 


M 


ABB1T’ 2 3 4 5 6 
Mansfield Cyl. Vol. 


Fie. 206. 


ordinate is 18.7 per cent. greater than the ordinate of the real 
curve as thus produced, that percentage representing the loss 
of work, observed at the trial, due to engine wastes. 

The real cut-off, also, instead of being, as computed for adi- 
abatic expansion, 0.059, is evidently 0.059 x 0.813 = 0.04796. 

Drawing the tangent from the intersection of the total back- 
pressure line with the axis, if Y, the point on the curve thus 
identified is found to give 0.06 as the proportion of full steam 
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to be employed for highest “duty,” and this corresponds within 
limits of errors of observation precisely with the actual adjust- 
ment of the engine at its trial, on which occasion the “ world’s 
record was broken for the time.” It may be fairly presumed 
that the result is substantially correct. This gives a point of 
actual cut-off, 0.06 x 0.813 = 0.04878, as best when seeking 
maximum duty. 

The computed and the actual, as found on trial, thus compare 
as follows : 


Cut-off for maximum ‘‘ duty ” as computed.............. 0.04878 
Same as actually observed when breaking the world’s record...... 0.04798 


They are practically identical, the ratio of expansion being 
thus, 20.8. 

Seeking maximum financial efficiency, we lay off, at the left of 
the axis of Y, a division on the upper back-pressure line measur- 
ing 0.025, taking the full length of the efficiency diagram as 
unity. Drawing a tangent to the real curve of efficiency from 
this point, the point of tangency is found at that point of which 
the ordinate measures 0.13. Here the condensation waste 
amounts to 0.095, and the amount of steam uncondensed is 
0.905 of that introduced, giving the point of cut-off in the real 
case as 0.13 x 0.905 = 0.11765, corresponding to a real ratio 
of expansion less than nine. 

The deduction immediately follows that, in this case, the pro- 
portions of engine giving the required work for the least total 
annual operating expenses would be smaller than those actually 
adopted and actually giving highest “duty,” in the proportion 
indicated by this considerable difference between the actual and 
the computed ratios of expansion. It would seem that a com- 
pound engine would, in such a case, prove more economical, on 
the whole, than a triple expansion, and this deduction is con- 
firmed by observing that the best ratio of expansion is one 
which would suit best a compound engine, and that the mean 
effective pressure in. the low-pressure cylinder, also, is but a 
trifle higher than the mean resistance due back pressure and 
friction of engine. ‘It is also confirmed by experiences of build- 
ers of pumping engines. 

-It would thus seem evident that, in cases such as that above 
studied, the demand, on the part of a city water-works depart- 
ment, for a steam engine that should give maximum duty, 
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simply, is an error. What is required, as a matter of business, 
is that an engine shall be supplied that shall be proportioned in 
such manner as to give. the required work at minimum total 
annual operating: costs, including all expenses that find their 
way, on account of the steam plant, into the treasurer’s books. 
It is now to be seen that considerable losses may be incurred 
by purchasing an engine of proportions giving maximum 
“duty,” in the usual sense of that term. The saving of fuel 
thus insured may prove to be an expensive operation. 

In the above instance, the fuel actually used, the cost of which 
is given, is comparatively expensive, anthracite having been 
employed in deference to the sentiment existing in favor of set- 
ting an example at the city steam plant of smokeless combus- 
tion; but a fuel could be obtained to do the same work ata 
much lower cost, making the best steam distribution for ulti- 
mate economy still further removed from that adopted in a 
triple-expansion engine, and making the compound engine still 
more desirable. The gain is also to be noted in the cost of the 
compound, as measured per cubic foot of its cylinder. 

The total possible gain by the substitution of the plans of a 
simpler engine for those of the more complex thus involves : 

(1) The reduced cost of supply, even with an engine, of sim- 
ilar type, proportioned for less expansion. 

(2) The economy secured by the construction of a simpler 
type of engine. 

(3) Possible economy with a cheaper fuel. 

By a similar process the relative value of the various types 
of engine, as well as their best individual adjustments of steam 
distribution, may be ascertained, once the location and form of 
their actual “ curves of efficiency” are determined. The method 
is to first identify the best cut-off and ratio of expansion for 
each, and then to compare their costs of power, one witli 
another ; finally selecting that type and size of machine, as thus 
finally determined, which will pay the largest dividends upon 
the total capitalized costs of supplying the required amount of 
power. In illustration, in the accompanying figure, let the 
curves of efficiency be found and laid down, as indicated on the 
diagram ; the ratios of work done to costs of its performance as 
measured by the tangents of the angles at O' or O’, will be the 
measures of the relative values of the machines; since that 
machine which, at its best adjustment and steam distribution, 
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total back pressures, as reckoned by Tate and by Rankine, be 
indicated by the ordinates of the lines 0X,” OX,'” and let the 
subscripts of 0, as marked below and at the left of that letter, 
identify the respective measures of those costs which are vari- 
able with size of engine, in their order, from simple to triple 
expansion, inclusive ; then the tangents drawn from the proper 
points, on either back-pressure line as thus identified, to the 
proper curve, will indicate just what proportion of the steam 
taken in at full stroke, or per cubic foot of cylinder, should be 
admitted to insure the most economical use of steam from the 
treasurer’s standpoint. 

Here, as in the preceding case, the ordinates are shorter than 
those of the ideal curve, which forms the upper limit, by the 
amount of cylinder condensation, clearance waste, and leakage, 
and of radiation and conduction observed or computed for the 
engines considered. These losses can now be estimated, usu- 
ally, with a fairly close approximation to accuracy for the bet- 
ter classes of engine; many useful experimental data are also 
now available, and the latter are coming in in increasing quan- 
tity, fullness, and accuracy. 

Mr. Brinsmade of Sibley College has discussed the effect of 
internal wastes on the proper ratio of expansion, thus : 

In this derivation it was assumed that the expansion was ac- 
cording to the law of an equilateral hyperbola, or that PV was 
a constant quantity. It is also assumed that the loss by radia- 
tion, cylinder condensation, etc., is a constant quantity for all 
cut-offs between the same range of pressure. This latter as- 
sumption introduces a slight error into the work, as in the 
later cut-offs the extra surface exposed tends to increase the 
initial condensation. But as the larger portion of the initial 
condensing surface is made up of the area of the piston sur- 
face and cylinder head, this increase would by no means be 
proportional to the increase in the cut-off volume. If, however, 
a more exact determination is desired, this approximate calcula- 
tion will serve as a trial value, to obtain a more exact idea of 
this cylinder loss. Then by solving again with this new value, 
almost all error can be eliminated.* 

The accompanying Fig. 208 shows the diagram used in the 
deduction of this formula. 


* See Thurston’s Manual of the Steam Engine, vol. i., $$ 129, 180, especially 
p. 522. 
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By the law of the equilateral hyperbola, 

PV=P\V,=P.,V,= Koneurve. . . . . . (a) 

and PV = PVC = P,V, = = KX, om curve . . (5). 
Let area ABDE'= 
GUDE = a", 
CFEG = a’. 

Then the percentage of the work utilized by the cycle ABCFE, 


| 
P.V.| _|P.V.C. 
\ 
\ | 
5 
\ | 
a’ | 
' = 
— 
=e 
E a’ or— P2V; | 
P2V2 | 
iV 
| 
Mansfield 
Fig. 208. 


as compared to that of the free expansion diagram ABDE, as- 
suming the loss by clearance volume, cylinder condensation, 


and external radiation equal to #, will equal 


a —a’—a"—R | 
a’ 


x. 


P, Py 
a’ = | = Pvc | dP/P = P,V,C log P,/Ps: 
r, 


Py 


Py Ps 
VaP = P, rc | dP/P = P,V,C log P,/P:. 
> Ps 


Py 
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Now P; = P, 
a" =P, V,Clog P,V,C/P, Vz = P,V,Clog C= KC log C; 
a” = = — P2) = — 
= K(C—1); 
a — (a” —a’) R_ KC log P./P; KC log C + K(C —1)—R 
a’ KC log P,/P; 
To simplify, make K log P,/P,= F; 
_ CF — KC log C+ K(C—1)—-R 


CF 
_O(F + K)— KC log C— R, 
CF 
dx de 
rors — K)— K— Klog C} —F C(F —K) — KClogO—K-R 


Solving for a maximum by making this quantity equal to 
zero, 
KC=K+R; 
C=(K + R)/K=(P.V, + 


where Cis the ratio between the new cut-off volume and the 
cut-off volume when the steam expands to the back-pressure 
line, and equal, in the figure, to AB/AH. 

Prof. R. C. Carpenter.—In connection with the short paper by 
Mr. Mansfield, I desire to call attention to the results of the 
tests of the experimental engine at Sibley College, which are 
given in the Z7’ransactions of the Society in vol. xvi., page 913, 
and also to a test given in vol. xiv., page 426. In both papers 
referred to, curves are shown of tests of compound engines 
running with different loads, and consequently with different 
numbers of expansions. One engine was a compound-con- 
densing engine, with automatic cut-off, running 265 revolutions, 
112 pounds of steam pressure, and 22 inches of vacuum; this 
shows the most economical results with 9} expansions. The 
other engine to which reference is made was a Corliss engine 
with 110 pounds of steam, 22 inches of vacuum; the results 
show highest economy with about 15 expansions when un- 
jacketed and 20 expansions jacketed, and the variation of econ- 
omy with change in number of expansions is very sensible, and 
indicates that the magnitude of the load has much to do with the 
economy. 
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Reference can also be made to topical discussion, 714-133, 
Mr. E. J. Armstrong. 


The following diagrams show the results of tests made on the 
Sibley engine (Figs. 209, 210, 21 


t 


eae PLE CORLISS ENGINE. 
Weight of Steam per I.H,P. per Hour 
Coordinated with Number of Expansions 


3 
3 
; “3 1S 
Fie. 209, 


Steam per I.H.P. per Hour-Lbs. ~ 
& 8 


Fia. 210. 
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COMPOUND CORLISS ENGINE 
Steam per I. H. P. Coordinated 
: with number of Expansions 


8 


Steam per I. H..P. per Hour 


+t 
t 


20 30 35 40 45 50 AM.BK.NOTE CO.N.Y. 
Number of Expansions 


Fie. 211. 


Mr. A. K.. Mansfield.*—I am glad to have called out this valu- 
able discussion by Dr. Thurston. It contains important prac- 
tical matter, especially that part relating to ultimate money 
economy as against ultimate steam or coal economy. This is 
not a new subject, but has needed to be applied to multiple- 
expansion work, and in fact finds there its most useful appli- 
cation. 

It is rather startling to learn that 8} expansions is to be pre- 
ferred to that number (21) which gave such fine economy of steam 
in case of the Milwaukee pumping engine. Admitting the sub- 
stantial correctness of Dr. Thurston’s calculations, it may well 
be doubted whether triple or quadruple expansion can any 
longer be justified. | 

Designers of high-grade plants are now enabled, and hereafter 
should be required, to figure according to this new light.+ 

It should be noted that the Milwaukee engine runs at excep- 
tionally low piston speed (204 feet). Engines of this size for 
most purposes are speeded three to four times as fast as this. 


* Author’s closure, under the Rules. 
+The engineer who designed tho plant of the Chicago City Railway Company 
installed simple non-condensing engines (see controversy in Street Railway Jour- 
nal for May and June, 1897) on a similar theory to this, but clearly reduced the 
number of expansions of steam used far below the required limit. 
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Dr. Thurston suggests that a manufacturer “may be able to 
determine just what his engines give as the best terminal figures, 
and thus obtain a standard for his own practice.” This is true, 
but it must be done from experiment, and, when done, constitutes 
an answer to the question of my paper. 

Owing to the influence of clearance per cent., amount of com- 
pression, point of release, piston speed, or number of revolu- 
tions, quickness of cut-off, jacket or no jacket, reheater or not, 
per cent. of moisture in steam, size of engine, etc., etc., a large 
number of careful tests is essential to establish reliable data 
from which constants may be derived which will enable our 
theories to be successfully applied. 

In the tests cited by Professor Carpenter some or many of 
the above-named influences may have brought about their in- 
teresting result, namely, that 9} expansions produced the best 
economy in our case; while in the other case, under similar con- 
ditions, fifteen expansions were required. 

An analysis of the reasons would be of interest. 
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DCCXXVIII.* 


ADIABATICS. 


BY DE VOLSON WOOD,t HOBOKEN, N. J. 


(Member of the Society.) 


WHILE the principles upon which the following solutions are 
founded are well known, the particular applications are new so 
far as known to the writer. The principles referred to are : 

a. In any engine in which the law of pressures and volumes of the 
working fluid are represented on a diagram of energy by a closed 


A 


v Ve Va Wood 


Fie. 212. 


path, the difference of the heats absorbed and smitted equals the area 
of the card ali expressed in the same units. 

(The card of an actual engine rarely, if ever, represents this 
law exactly, on account of imperfections in the mechanism, 
hence the card for our use will be ideal.) 

b. During adiabatic expansion no heat is absorbed or emitted by 
the working fluid. 

Construct an ideal indicator card one side of which shall be an 
adiabatic and the other sides thermal lines of known properties. 

A. To find the adiabatic of a perfect gas. In Fig. 212 let AB 

*Presented at the Hartford meeting (May, 1897) of the American Society 
of Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 

+ This paper was revised by its author before his sudden death in June, 1897, 


but the discussion could not be sent to him. It therefore had to be published 
without the author’s closure usual in the Society’s practice. —Secretary. 
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be the adiabatic, AD an isothermal, BC a line of constant 
volume, v, the volume at A, v, at B or C, v, at D. 

First work along AC, thence along CZ, thence along the 
adiabatic 6A. As is well known, the heat absorbed along the 
isothermal AC equals the work v,ACv, ; that along CB will be 
C’, multiplied by the fall of temperature, where €, denotes spe- 
cific heat at constant volume in foot-pounds. No heat will be 
absorbed in working along the adiabatic BA. Let the tempera- 
ture at B be dr lower than that at A ; then heat absorbed along 
AC — along CB — along BA = ACB;; or, 

v,ACv, — C,(—dr) +0= ACB; 
v,ACv, — ACB + Cdr =0; 
v,ABv = — Cdr ; 
or, pdu=-Cdr........ 


The left member cannot be integrated, so another equation 
must be established. Next, working from A to ), where D is 
on a horizontal through B, we have, 


heat abs. along 4D — along DP — along BA = ADB, or, 
v,ADv, — C,( —dr) —0= ADB; 
GADH — ADB + C,dr = 0; 
HGAB = — Cdr; 
(—dp) = — 
or, 


Equations (a) and (6) give 
pdv = C, =y =a constant. 


The further solution proceeds as usual. 

B. Adiabatics of saturated vapor. Let FN in Fig. 213 be the 
curve of saturation, then AC = v, will represent the volume of a 
pound of dry saturated vapor. Let AB be the zth part of 
a pound of the vapor, (1 — x) AC = BC being liquid, and /B¢, 
be the adiabatic sought. Let state D be dr higher in tem- 
perature than A, then 


_ 
pressure AD = (3 dr, 
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Construct an indicator card one side of which is the adiabatic 
EB, the two sides DE and AP isothermals of a liquid and its 
vapor, and AJ the constant volume of the liquid, then, as before, 


heat absorbed along AD + along DE + along EB — along BA = 
area ADEB. 


S 
—S 


GN, 
/ 


Fig. 213. 


Draw adiabatics Ag,, Dy,, then along AD, heat absorbed = 
AD, = Cdr; along AB, heat absorbed = = = 
the heat of vaporization ; 

along BE, zero ; 
“ DE, p, = cH, + d (xH,); 
hence we have 
Cdt + wH, + d (cH) + 0 — «Hl, = ADEB, or, 
Car + d (eH, = ADEB = = oH 


Integrating 


— Clog = 
1 


which is a well-known equation of the adiabatic of liquid and its 
vapor mixed. 
Draw an isothermal, Z.V, one degree lower than that of AC, 


then will the horizontally shaded part AbaZ be = and the 


= which terms appear in 


obliquely shaded part ABMZ be 
equation (¢). 
45 


D E F 

a M N 

% | : 
Wood 

dt 

Cdr + - =0; 

T 

“. Cdr + td =0; 
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DISCUSSION. 


Mr. George Richmond.—I would like to point out that these 
results, which are interesting and important, can also be ob- 
tained without the use of the caleulus. The first two statements 
in the paper describe the well-known indicator diagram. Its 
area represents, as we know, the missing heat expressed in units 
of work. Now, the question is whether this is not more con- 
veniently represented by a heat diagram in which the missing 
heat appears in heat units of equivalent value to the work area 
of the indicator diagram. We cannot devise a mechanism to 
record the heat changes, but we can very readily construct such 
a diagram from the physical properties of the substance under 
consideration. 

Take, for example, water at, say, 212 degrees. On the appli- 
cation of heat the tempera- 


ture rises; if the ordinate at 
1 (Fig. 214) represents the 
absolute initial temperature 
: and travels forward in such 
1 


5 a manner as to sweep out an 
area proportional to the heat 
applied, its extremity will 
trace a curved line, 1, 2, rep- 
resenting the rise in temper-: 
ature. If at the temperature 
2 vaporization commences, 
the temperature will remain 
stationary and the area rep- 
resenting the latent heat will 
Richmond ins nk be swept out by an ordinate 
of constant length, the ex- 

tremity of which traces the horizontal line 2, 3. Since the 
rectangle represents the latent heat, and one side of it the abso- 


lute temperature, the other side must represent the quantity - 


From 3'to 4 the temperature drops without addition or ab- 
straction of heat by the process of adiabatic expansion. Finally 
the untransformable heat is rejected into the condenser repre- 
sented by the area swept out by the ordinate in passing back- 
wards from 4 to 1. The area 1, 2, 3, 4, represents in heat units 
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the missing heat and is, of course, an area exactly equivalent to 
the work area of the ideal indicator diagram. 

Returning to the subject under discussion, it will be noticed 
that adiabatics are represented on this diagram by straight lines 
parallel to one of the axes, and their equations are, therefore, of 
the simplest possible form, being merely a statement of the 
criterion of parallelism. 

We may even, if unfamiliar with coordinate geometry, fall back 
on the geometrical criterion that parallel lines are everywhere 
equidistant. We can pass from the point 1 to the adiabatic 
3, 4, by vaporizing, say, 7, of a pound of water at temperature 


1; then the line 1, 4 = a, TT: Or, we may first raise the tem- 
1 


perature of the pound of water to 2, and then, by vaporizing, say, 


x, per cent., pass to 3; then the line 2, 3 = 2, 4 The distance 
2 
travelled forward is in each case the same; or, 
a Dy _ a, Ly 
15+ T, 


The only quantity unknown is the distance 1 to 5 travelled while 
the temperature is rising from 1 to 2. The heat imparted is pro- 
portional to the rise in temperature, and the curve traced from 
1 to 2 is a logarithmic curve, hence 1 to 5 = loge - Substituting 
this value, we have 


which is the equation to the adiabatic 
(d) of Professor Wood. The values of 


and log e T are now to be found in all 


modern tables, and all the usual prob- “ m ‘ 
lems of practical thermodynamics can 
be solved with the greatest ease by con- 
struction. 

The equation to the adiabatic for per- 
fect gases can be written down at sight in 
the same manner. The passage from one 
adiabatic to another may take place on — Richmond 
any path or combination of paths; it is Fig. 215. 


x, loge T, 4 x, 
T 1 T, 


_tropy to be that it is simply a mathematical expression for the 
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only necessary to consider the variables we wish to introduce. 
If we wish to express the equation to the adiabatic in terms of 
the pressure and volume, for instance, we may suppose the 
change to be effected first by adding heat at constant volume 
and then at constant pressure. 


am + nm = an = constant (see Fig. 215), 
which is the equation to the adiabatic. It remains only to ex- 


press am and mn in terms of P and J. 
Referring to the relation 


PV= 
we see that in travelling from a to m, the pressure being constant, 


the change in temperature is proportional to the change in 
volume; so that 


P; 
am = C, loge 


From m to x the pressure being constant, the change in tem- 
perature is proportional to the change in column; or, 

Va, 

mn = C, loge 


hence am equation becomes 
C, log e 5 + C, loge 7 = constant, 
which can be readily put into any of the usual forms. 

While the importance of mathematical knowledge is not to 
be underrated, the prevailing opinion that problems of thermo- 
dynamics cannot be intelligently handled without the use of 
higher mathematics is not founded on fact. There is absolutely 
no need of introducing the calculus into any thermodynamic 
question that an engineer meets with in practice. A few hours, 
intelligent study will place the matter as much at his command 
as are the rules of arithmetic. 

Mr. Wm. Kent.—I would like to have Mr. Richmond, if he 
will, state more plainly what are the abscissas in these dia- 
grams. Do they represent entropy or work? 

Mr. Richmond.—The abscissas represent entropy. I avoided 
the use of the word because, while the thing itself is most sim- 
ple, the word seems to be associated with a certain difficulty, if 
not mystery. The other codrdinate is, of course, temperature. 

Mr. Kent.—I understand Mr. Richmond’s explanation of en- 
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quotient obtained by dividing the work by the absolute tempera- 
ture. I hope he will write out in complete form a little treatise 
about this subject, and put it into our Transactions, with the 
title “ Thermodynamics Without the Calculus.” 

Mr. George I. Rockwood.—I don’t wish to be considered frivo- 
lous ; but Imust confess I need more light on adiabatics than 
is contained in text-books. Mr. Richmond will confer a favor 
on the world of steam engineers at large if he will tell just why 
we should be so profoundly interested as we seem to be in 
adiabatics. 

It is admitted on all sides that no gas ever expanded adia- 
batically, or ever will—steam least of all—and the deductions 
arising from the analysis of adiabatic curves are wholly inap- 
plicable to any known case of a gas or a heat engine. 

Has the study of adiabatic curves ever given to the world a 
new heat engine or an important modification of existing heat 
engines? I think I am right in saying that all such improve- 
ments have originated in the minds of those who could not 
claim to know much about these curves. 

Now, I wish to know what heat engine is going to be devised 
in the future, to which this mathematical investigation which 
has been introduced by very eminent writers is tending. Per- 
haps the prophetic eye of the mathematician may discern what 
use it subserves. 

If it can ever be expected to lighten up the real facts concern- 
ing the nature of heat, then its further prosecution may be justi- — 
fiable. 

The President.—I think Mr. Richmond has a good invitation 
to write a paper on this subject, to be presented at the next 
meeting. I have often noticed that when a question is up for 
consideration which involves the calculus, most of us look very 
wise and dissent from the statement. (Laughter-) 

Mr. Kent.—I would like to ask if this system is the same as 
McFarland Gray’s ? 

Mr. Richmond.—Yes ; it is what is known as the emanates 
entropy diagram. It is very largely used in Europe, and I am 
unable to understand why we are so slow in adopting it here. 

Mr. Kent.—I will tell you why. Because you have not yet 
written your treatise. I heard McFarland Gray read his paper 
in 1889, and I don’t think there were five men in the room that 
understood it. You were one of them, probably. 
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Mr. Richmond.—Mr. Gray used this method in connection 
with his paper, the subject of which was rather abstruse. He 
has on this and many other occasions endeavored to popularize 
it, the best results of which are probably to be found in the 
well-known reports of the late Mr. Williams. 

The contention is that, although the results of thermody- 
namics were originally obtained as mathematical deductions, we 
are at present entitled to the intelligent use of them on the 
easiest terms procurable. 

Mr. Rockwood.—Mr. President, may I supplement my ques- 
tion by asking Mr. Richmond to dwell particularly upon the 
nature of heat and upon the nature of entropy, because therein 
he will do a great service for steam engineers? Mr. Kent was 
not so simple in his question as he seemed, as shown by his 
subsequent answer, that Mr. Richmond considered entropy 


‘a mathematical fiction. Now, a mathematical equation does 


not convey anything to a mathematical or unmathematical 
mind, except as something to be dealt with, and every steam 
engineer will certainly then want to know what the relation of 
heat to temperature is. 

Mr. Kent.—I hope Mr. Richmond will not say anything in 
his paper about the nature of heat. I think it was Maxwell or 
Stewart said : “ What heat is, we don’t know.” We don’t know, 
and we are not going to know. There is no such thing as 
entropy. 

Mr. Rockwood.—Let Mr. Richmond write his paper. 

Mr. Richmond.—If you represent a known quantity as the 


‘product of two factors one of which is also known, the concep- 


tion of the other factor is not very difficult, under whatever 
name it may be known. 

Mr. Rockwood.—A conception has no arms, legs, body, or 
heart. What we want to know is all the features of this 
conception. 

Prof. Albert Kingsbury.—The speaker has said that we can 
get a complete grasp of this in an hour or an hour and a half. 
My experience with the calculus has been that it is much bet- 
ter to spend time in learning it than trying to do work with- 
out it. I think that if the thermodynamic principles can be 
learned in an hour and a half, the calculus can all be learned 
in about twenty-five minutes ; and it is useful for many things 
besides thermodynamics. 
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DCCXXIX.* 


TESTS TO SHOW THE: INFLUENCE OF MOISTURE 
IN STEAM ON THE ECONOMY OF A STEAM TUR- 
BINE. 


BY D. 8. JACOBUS, HOBOKEN, N. J. 


(Member of the Society.) 


THERE has been an impression in the minds of some engineers 
that the presence of a small amount of moisture in the steam 
used by a steam turbine might tend to improve the efficiency 
by increasing the density of the jets of steam that impinge 
against the buckets of the wheel. This would not follow from 
the theory of the steam turbine if the friction of the turbine 
and of the steam in the passages, and other losses, are not 
included, but as these form a large factor in the economy, 
and must be taken account of in any theoretical discussion of 
the effect of moisture, the problem becomes complicated, and it 
is difficult to predict, from theory, what the exact effect will be. 

Tests were therefore undertaken, in which the amount of 
moisture in the steam was accurately determined, by starting 
with dry steam and condensing a portion of the same in the 
steam main leading to the turbine. The heat required to con- 
dense the steam, so as to form the moisture, was determined, 
and from this heat the weight of moisture was calculated. The 
power developed by the turbine was measured by means of a 
Prony brake. The total amount of water consumed by the tur- 
bine was measured by condensing the exhaust in a surface con- 
denser, and from this total amount the moisture in the steam 

,on entering the turbine was deducted to obtain the weight of 
dry steam used by the turbine. 

The conclusions arrived at are : 

First—The average dry steam consumption, or the total 
water consumption, less the weight of entrained water in the 

steam entering the turbine, was about the same for either dry 
or wet steam. 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
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Second.—This may only hold for wheels of a similar type run- 
ning under similar conditions. 

The pressure of steam in the tests was about 95 pounds per 
square inch above the atmosphere. The turbine wheel was 
82 inches in diameter, and ran at about 10,200 revolutions per 
minute. 

At 14; brake horse-power the dry-steam consumption was 
about 68; pounds per hour per horse-power, with either dry 
steam or steam containing moisture. 

The weight of dry steam per hour per brake horse-power, in 
comparative tests, is given in Table I. 


TABLE I. 


STEAM CONSUMPTION PER HouR PER HORSE-POWER FOR A STEAM TURBINE 
WiItH Dry AND WET STEAM. 


Tests witH Dry STEAM. Tests witH Wer STEAM. 
g | 2 | ¢ 
5 82 5 | 5 
1 2 | 3 4 5 6 ° 
9 15.17 67.5 7 3.7 15.08 68.7 
12 15.25 67.6 | 11 4.7 | 15.18 67.1 
14 15.17 | 71.9 13 4.6 | 15.16 69.8 
16 13.538 | 67.5 , 15 18.5 18.64 66.4 
19 13.47 | 68.3 17 16.8 13.41 10.7 
| | 18 18.3 13.48 69.5 
Average, 14.52 | 68.6 | 68.7 
| 


There were sixteen jets of steam impinging on the turbine 
wheel. These were in groups of four each, and the governor 
was arranged so that it cut off the steam from one or more of 
the four groups of jets. Each jet had a width of one-eighth of 
an inch, measured in a vertical direction to the plane of rotation 
of the turbine wheel. The smallest cross-section of each jet 
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was about 0.009 square inch, and the largest 0.015 square inch. 
The jets issued at an angle of 67 degrees to the radius of the wheel. 

The turbine wheel was of steel. It was 82 inches in diameter, 
and was geared so that the driving shaft ran at one-ninth of the 
speed of the wheel. The Prony brake was placed on the driving 
shaft. There were forty-six buckets in the turbine wheel. The 
width of the passages in the wheel, measured at right angles to 
the plane of rotation, was three-sixteenths of an inch. The area 
of the cross-section of the passages in the wheel was about 0.032 
square inch. The angles made by lines tangent to the two sides 
of a bucket in the wheel with a radius passing through the 
‘bucket averaged 52 degrees on the inside of the wheel and 
69 degrees on the outside. 

The devices employed for condensing a portion of the steam 
in the pipe leading to the steam turbine are shown in Figs. 216 
and 217. The device shown in Fig. 216 was employed for the 
tests when there was a small percentage of moisture, and that 
shown in Fig. 217 for the tests when the percentage of moisture 
was made greater. 

The steam from the boiler first passed through a separator 
(not shown in the figures), and from the separator entered the 
pipe marked A in Figs. 216 and 217. In Fig. 216 cold water 
entered the pipe C, and flowed through the pipe “7, which was 
enclosed in the steam space in the vertical pipe VM. The half- 
inch pipe EF passed through two stuffing-boxes G and H. 
The water flowing through the pipe 7’ was heated, and con- 
densed a portion of the steam. The amount that the water was 
heated was measured by means of two thermometers, J and 
J, placed in mercury wells. The weight of water circulated 
through the pipe EF was determined by collecting it in a large 
tank placed on a pair of platform scales. 

The arrangement of piping shown in Fig. 216 was used in tests 
Nos. 7,11, and 13. The pipe M and the pipe E/' were made 
longer in tests Nos. 11 and 13 than in No. 7, so as to increase the 
_ amount of steam condensed. 

Tests Nos. 15, 17, and 18 were made with the arrangement 
shown in Fig. 217. The vertical pipe 1/ shown in Fig. 216 was 
dispensed with, and a horizontal length of two-inch pipe was 
used for condensing a portion of the steam, in place of the ver- 
tical length of half-inch pipe. The horizontal two-inch pipe was 
placed inside of the four inch pipe FZ, and is shown by dotted 
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lines in Fig. 217. The inlet water passed through the half-inch 
pipe J, and the exit water passed out through the half-inch 
pipe ./. The pipes N and WV passed through the stuffine- 
boxes H and G. The temperature of the water was measured 
by means of the thermometers / and KX. 

The total amount of steam entering the turbine, together with 
the entrained water in the same, was measured by condensing 
the exhaust of the turbine in a surface condenser. 


Calorimeter 


Moist Steam 
to Turbine 


“Jacobus” 


Fig. 216. 


In the tests with dry steam no water was circulated through 
the cooling pipes, and the steam was found to be dry by means 
of the Barrus calorimeter, marked Z in Figs. 216 and 217, or to 
contain less than one-fifth of one per cent. of moisture, which 
is considered as dry steam in the present investigation. 

The tests with wet and dry steam were made alternately, so 
as to eliminate errors due to any possible change in the turbine. 

The piping shown in Figs. 216 and 217 was coated with hair- 
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felt. The exhaust pipe leading from the turbine was of a large 


‘diameter, and the back-pressure of the exhaust steam was prac- 


tically that of the atmosphere. 

The Prony brake consisted of two hemp ropes, passed around 
a pulley about twelve inches in diameter, in which were fastened 
to flanges so as to form a hollow rim. The ropes made a full 


turn about the pulley, and were fastened to a wooden frame, 


which rested on a pair of platform scales in the same way as is 
represented in Fig. 234, which accompanied my discussion of a 


Dry Steam 
— A 
from Separator (= 


() 


“Jacobus” 


Moist Steam 


to Turbine 


Fic. 217. 


paper by Professor Goss on “ New Forms of Friction Brakes,” * 
presented to the Society about two years ago. It was found 
necessary to play water on the outside of the brake-wheel, to pre- 
vent the ropes from burning, as well as to keep water on the inte- 
rior of the rim. At first great difficulty was experienced in mak- 
ing the Prony brake work uniformly under the severe conditions, 
but all difficulty was eliminated when it was found that a cake of 
ordinary soap, held against the face of the wheel when running, 
would cause the brake to work smoothly. 

The results of the tests in detail are given in Table II. Table 
IIL. gives data and calculations of the amount of moisture con- 
tained in the steam entering the turbine. 


* Transactions A, 8. M. E., vol. xvi., page 820. 
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TABLE II. 


Tests OF A STEAM TURBINE WITH DRY AND WITH WET STEAM. 


ption Less 
of Entrained 


ght 
Water, in Pounds. 


tion =Total Water 


Consum 


Wei 


Dry Steam Consump- 


er Hour 
per Horse- 
| power. 


Brake-wheel to make 1,20U 


per Square Inch above At- 
Revolutions, in Seconds. 


Pounds. 
mosphere. 
wheel per Minute. 


Steam. 
Revolutions of Prony Brake- 


Percentage of Moisture in 
Steam Pressure in Pounds 
Average Time for Prony 
Duration of Test in Minutes. 


» | Load on Prony Brake, in 
@ | Horse-power by Prony Brake. 


2 


= | 


| wait | Number of Test. 
Date of Test 
~ 


wwe 


2 

3 | 
7 | 
| 
9 | 
0 | 


oo ra) 09 


wea 


Column 7 = 1,200 x 60 + Column 6. 
Column 8=Column 4 x Column x 0.0001016. 
Column 10 = Column 9 + Column 8. 
‘ — of turbine wheel per minute = Column 6 x 9, because the gear reduces in the ratio 
of 9to1. 


| 
| 
M | 
| | 
| 
aM 
i 
| 
i | 
1896. | 
Oct. 13| 0 82.0 | 90 | 62.07 9.66| 680.2) 70.4 |60 
| 124.0 | 92 | 64.19] 14.15! 973.5) 68.8 | 60 
14. 0 41.5 | 91 |60.15| 5.05, 404.2) 80.0 | 60 
| « «| Q | 170.0 112 | 64.83 19.18 | 1,257.0) 65.5 | 10 
“ 15) | 118.6 | 62.75! 13.83| 892.0 64.5 | 60 
« Q 147.8 |180 | 68.83) 16.94 | 1,157.0! 68.3 | 60 
“ 8.7 | 182.0 | 94.5] 64.00) 15 08 | 1,036.1! 68.7 | 60 
« 9.8 | 48.0 | 92 60.00 | 5.24; 4107 78.4 | 40 
it | 182.0 | 94.8) 68.66 | 15.17) 1,028.9) 67.5 [35 
: “| 43.0 | 95.0 | 59.90 | 5.25) 382.2) 72.8 | 25 
11 Nov. 16) 4.7 | 182.0 | 92.7/ 63.82) '15.18| 1,014.8! 67.1 | 60 
12 | 182.0 | 91.6 | 63.32 15.25 | 1,081.0} 67.6 | 60 
‘| 4.6 | 182.0 | 95.0| 68.7% 15.16 1,058.3) 69.8 | 45 
14 15.17 | 1,001.1 71.9 | 20 
| 1897. 
15 | Jan. 15 13.64 905 1; 66.4 | 60 
13.53) 9135) 67.5 | 60 
wl“ (13.41) 948.6) 70.7 |25 
13.43} 984.0) 69.5 | 50 
18.47) 920.2) 68.3 40 
i 
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TABLE III. 


DaTA AND CALCULATION OF PERCENTAGE OF MOISTURE IN THE TESTS WITH 
WET STEAM. 


ns 


Number of Test 
Steam Pressure in 
, or 


er 
Total Water Con- 


Cooler, in Pounds 


r 
per Hour, or En- 


Temperature of Cooi- 
ing Water, in De- 
grees Fahr. 


Dry Steam 


lated throu 
Hour in 


Atmosphere. 
per Hour. 


Pounds 
* | Square Inch above 


Weight of Water 
Cooler, in Pou 
per Hour. 
condensed b. 
Steam and En- 
trained Water in 
Same from Con- 
in Pounds 
| sumption Less 
| Weight of En- 
a! } trained Water. 
Percentage of 
Moisture in Steam, 


circu 
trained Water in 


Weight of Steam 


| Initial. | 


| 
@ 


1 


455.0 
940.5 
607.0 

730.7 
1,699.0 
1,476.0 
1,787.2 


95.8 
122.8 
111.7 
142.2 

150.8 

| 139.2 


or Cr 


— 


Column 6 = Column 3 (Column 5 — Column 4) -+-latent heat of one pound of steam at pressure 
given in Column 2. 

a 8=Column 7 —Column 6=Column 9, Table II. Column 9=Column 6 x 100+ 
Column 7. 


| 
410.7 93 
1,014.8 4.7 | 
1058.38 4.6 
"905.1 18.5 
| 948.6 16.8 
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DCCXXX.* 


THE EFFECT OF ALTERNATE POSITIVE AND NEGA- 
TIVE STRESSES ON IRON AND STEEL. 


BY THOMAS GRAY, TERRE HAUTE, IND. 


(Member of the Society.) 


THE experiments of Wohler and others have demonstrated . 
the importance of distinguishing between the strength of a 
structure against a steady application of load in one direction 
and the strength against repeated applications of load in oppo- 
site directions. It occurred to me a year or two ago that some 
interesting information might be obtained from a series of auto- 
graphic diagrams taken from successive tests of a piece of iron 
or steel when the load was applied alternately in opposite 
directions. 

Some preliminary experiments were made on test pieces of 
cast iron, wrought iron, and mild steel, the results of which 
form the subject of this note. In these experiments the speci- 
mens were subjected to direct tension and compression alter- 
nately, and one of the principal reasons why the investigation 
has not advanced beyond the preliminary stage is the incon- 
venience of the ordinary testing machine for such work. The 
specimen has to be removed from the machine and replaced in 
a different position between each pair of tests. This requires 
some time and a readjustment of the autographic apparatus, and 
hence the passage from positive to negative stress is not so con- 
tinuous as seems desirable. Some alterations on the testing 
machine are now being made, and I hope at a future meeting of 
the Society to be able to give a more valuable contribution on 
this subject. 

The results which these preliminary experiments have given 
will probably be most easily stated by reference to the sample 
diagrams, Figs. 218-221. The diagrams were obtained by means 
of the autographic apparatus described at the San Francisco 


* Presented at the Hartford meeting (May, 1897) of the American Society of ~ 
Mechanical Engineers, and forming part of Volume XVIII. of the Zransactions. 
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meeting of the Society and published in the Transactions, vol. 
xiii, p. 633. Figs. 218-220 refer to a specimen of cast iron the 
total length of which, for the tests given in Fig. 218, was 27 
inches. One inch at each end was 2.5 inches in diameter, and 
the remainder was turned down to a uniform diameter of 2 
inches. Tension was applied by pulling on the shoulders of the 
thick ends, and compression was applied by pressure directly on 
the flat ends. The diagram shows the relation of the change of 
length to the applied force for the middle 15 inches of the speci- 
men. The scales are arbitrary. Distances in inches, measured 
from the origin in the direction A A, when multiplied by 7,485 
give the actual force applied to the specimen. Forces meas- 
ured to the left of the origin represent tensions, and measured to 
the right pressures. Change of length is indicated by distances 
from the line AA measured parallel to BB. The inches marked 
on the diagram divided by 189 give the actual change of length 
on the 15 inches under observation. The order of the experi- 
ment may be followed on the diagram. Beginning at the origin, 
elongation takes place to a. The load being gradually removed, 
the specimen returns practically to its original length. The 
next experiment gives compression to b, return along the lower 
line to zero stress and then to elongation atc, return along the 
upper line through zero stress and then to compression ending 
at /, and so on through e, 7, g, f, and back to zero stress. It 
will be observed that in the first application of stress, amount- 
ing to about 3,000 pounds on the square inch in tension, the 
specimen was not sensibly changed in length. There is no indi- 
cation of want of perfect elasticity beyond a slight thickening 
of the line in the central portion indicating the ordinary vis- 
cous action. It is quite common, however, to find that much 
smaller intensities of stress will cause permanent set in cast 
iron. Some specimens of cast iron seem to bear out Hodgkin- 
son’s statement, that no load can be applied which does not 
produce set. When a load has once been applied, a repetition 
of a smaller load in the same direction does not greatly affect 
the length. If, however, the load be reversed in direction, the 
line of the diagram is quite markedly curved from the start. 
Any elastic limit to stress which the material may possess is 
thus entirely eliminated by applying opposite stresses sufficient 
to produce a very slight permanent set. Not only is the elas- 
ticity destroyed, but the initial direction of the line from the 
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position of zero stress is changed. The Young’s modulus of 
elasticity (determined, say, by applying a moderate stress and 
removing it once or twice, at the same time measuring the J 
change of length) is diminished. This is very clearly shown in 
Fig. 218, the axis of the diagram becoming steeper with each 
successive alternation and increase of stress. There is not, 
properly speaking, any definite modulus of elasticity for cast 
iron, because the rate of change of length (or of other distor- 
tion) with change of load depends both on the amount of the 
load and on the direction of the change of stress. This will be 
at once appreciated by observing the closed loops in the dia- 
grams, Figs. 219 and 220—these loops representing the relief and 
reapplication of the stress. That such loops are obtained from 
cyclic changes of stress in cast iron and many other materials 
has been known for many years, but the great effect which they 
have on the apparent elastic constants does not seem to be 
always appreciated. 

The diagram, Fig. 219, was obtained from a part of the same 
specimen used for the tests recorded in Fig. 218. The test piece 
was 8 inches long and 1.5 inches diameter. The force and 
elongation constants are the same as in Fig. 218. In this case the] 
load was three times slowly removed so as to show the curves] 
of application and relief of load nearly free from permanent set. 
It will be noticed that the lines joining the extremities of the 
loops are not parallel, and that the departure from parallelism 
is not entirely accounted for by the curvature of the sides off” 
the loops. There is quite a considerable diminution of the 
elastic constants, apparently due to the permanent set. This} 
is much more than would be accounted for by change of section. 
A similar change will be referred to when discussing the bea 
havior of steel, in which case it is only temporary. Whethemml 
the modulus of elasticity of cast iron changes with time aftemil 
permanent deformation has not yet been determined. Thea 
diagram shows the test to fracture and indicates a tensil@ 
strength of a little over 15,000 pounds per square inch. Them 
specimen was a gray cast iron, somewhat coarse grained angi 
porous. 

The diagram, Fig. 220, was obtained from a specimen take 
from the other end of the same piece. The specimen was 
inches long, 2 inches diameter at the ends, and the middle thre 
inches turned down to a square-inch section. The test was o 
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the middle three inches under compression. The test did not 
extend quite to fracture, as the specimen became badly bent; 
but a test on a short piece of the same iron showed that very 
nearly the breaking load had been applied. The scale for 
forces, measured downwards, is in this 12,770 pounds per inch, 
which, since the cross-section was one square inch, gives the 
intensity of stress. The elongation measured to the right was 
magnified forty times. 

The results obtained from experiments on iron and steel were 
similar to each other. One series is illustrated in Fig. 221. 
This specimen was cut from a bar of soft steel 13 inches diameter ; 
the part under test was 3 inches long and 1{ inches diameter. The 
ends were left long enough to enable the tension tests to be 
made by means of the ordinary V grips supplied with the Riehlé 
testing machine. The compression tests were made by applying 
pressure directly to the ends of the bar. The arrangement here 
described is unsatisfactory, and in a continuation of the experi- 
ments will be modified. Referring to the figure, the first test 
consisted in applying pressure up to the yield point at a. A 
slight compression, about =}, of an inch, was here produced. 
The load was then allowed to diminish slowly to zero and the 
specimen put in position for tension. The tension was also 
carried to the yield point and a small elongation produced, as 
shown in the diagram between b and c. The load was then re- 
duced to zero and compression again applied. The pen now 
passes round a smooth curve to d, no definite yield point being 
visible. The load is again reduced to zero and tension again 
applied, the pen again giving a smooth curve to e, after which 
the load was reduced to zero. 

- The scale for forces on this diagram was 7,485 pounds to the 
inch, and the elongation was magnified one hundred and eighty- 
nine times. The first compression line on the diagram is nearly 
straight but slightly convex, and its slope is such as to indicate 
a modulus of elasticity of about 29,500,000 pounds per square 
inch. This is about the normal value for the steel. When we 
come to the first tension line, however, we find that the mod- 
ulus is much smaller, with perhaps the exception of the very 
beginning of the line. The tracing is slightly in error, as the 
original is a little more curved. The yield point at 5 is ap- 
proached by a round curve, but the effect of the slight perma- 
nent set at a is comparatively small. The effect of the perma- 
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nent elongation .represented by bc on the next compression 
curve is very great. Instead of obtaining almost a straight line 
from zero stress to a definite yield point, the material seems 
to have almost entirely lost its usual elastic properties, and 
behaves now very much like a piece of cast iron. The same is 
the case with regard to the second application of tension, and 
the same thing is repeated no matter how many cycles are gone 
over. It appears, however, that a moderate permanent set is 
necessary before this peculiar inelastic condition is produced, 
and the investigation of the effect of a large number of appli- 
cations of stress, no one of which reaches the yield point stress 
for the material in its original state, has yet to be made. 

The change in the modulus of elasticity for extension which 
is apparently produced by compression is to some extent re- 
tained after the material has been permanently elongated. It 
has been observed, however, that, in ordinary testing, if the load 
is relieved after the material has been stretched beyond the 
yield point the curve for the relief of load is steeper than the 
-eurve previously obtained in the same test for the application 
of the load. If, however, the specimen be allowed to rest for a 
day or two and again tested for elastic modulus, it will be found 
to have recovered its original elastic constant. The lowering of 
the modulus is thus found to be temporary, and its recovery 
with time adds one more to the curious effects of rest after 
deformation. 

[Note.—This paper received discussion jointly with the other paper by the 
same author, entitled ; ‘‘ The Yield Point of Iron and Steel.” The discussion on 


it is published at the end of that paper, which is numbered DCCXXXL., and will 
be found at page 714 of the present volume.—Secretary. | 
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DCCXXXIL* 


THE YIELD POINT OF IRON AND STEEL. 


BY THOMAS GRAY, TERRE HAUTE, IND. 


(Member of the Society.) 


Unver this heading I propose to describe the diagrams of a 
few tests, all of which have some bearing on the peculiar behav- 
ior of iron and steel as they pass through the “ yield point.” 
The paper is mainly illustrative of the kind of results which 
have been obtained with the autographic apparatus described in 
Volume XIII. of the Society’s proceedings. Frequent inquiries 
which I have received from members of the Society and others 
have led me to believe that a few such sample diagrams would 
be interesting. 

Fig. 222 illustrates tests made on two specimens of the same 
bar iron. The first tests, marked A and B, have the elongations 
- magnified forty times, and illustrate the fluctuations of strength 
as the elongation is carried through the yield-point notch, and 
incidentally the almost perfect elasticity of this sample of iron 
for stresses below the yield point. The tests marked 4’ and 5’ 
were made on the same specimens about six weeks later. In 
these tests double records were taken, one of which magnifies 
the elongation 337 times and the other 3 times. These tests 
illustrate the great increase in strength to the yield point, due 
to rest between the tests, and also the interesting feature, which 
appears also in all the other diagrams—namely, that there is 
again almost as decided a yield-point notch in the curve as there 
was in the first test. One other interesting feature of this test 
is the difference between the curves 4’ and 4’. It was dis- 
covered, before proceeding with the second tests, that one of 
the specimens had a crack extending apparently about an eighth 
of an inch into one side. As will be seen from the record, this 
had practically no effect on the modulus of elasticity, but re- 
duced the strength a little at the yield point and considerably at 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the 7ransactions. 
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rupture. The most marked effect, however, was on the total 
elongation before rupture, local stretching setting in at this. 
point much earlier than it did in the other specimen. The 
departure from perfect elasticity is better shown by higher 
magnification, but the apparent smoothness of the yield-point. 
elongation is due to there being only a small part of the notch 
included in these curves. 

The curves in Fig. 223 illustrate a series of tests on a bar of 
iron similar to that used for the tests illustrated in Fig. 222. The 
tests were made at intervals as indicated by the dates marked 
in the curves. The elongation was not in any case carried past 
the yield-point notch, and the specimen was finally broken with- 
out increase of strength above the yield point. Continuous tesis. 
to rupture showed this iron to have a strength of from. 50,000 
to 53,000 pounds per square inch, while the strength of this 
particular specimen went up to 55,900. The yield point was 
thus raised above the ordinary total strength of the iron. The 
total elongation was reduced from 29 per cent. to 14.5 per cent., 
and probably could have been reduced much more by prop- 
erly arranging the successive elongations and periods of rest. 
When proper allowance is made for change of section the mod- 
ulus of elasticity remains nearly constant in this case. As a’ 
general rule, however, in such tests the first two or three 
elongations slightly diminish the modulus, while subsequent 
elongations increase it. 

Fig. 224 illustrates a series of tests on a specimen of Bessemer 
steel. The results are similar to those for the specimen of 
wrought iron described under Fig. 223, with the exception that 
greater elongations in the first two tests bring up the strength 
rapidly, while subsequent tests show little increase of strength. 
This has been found to be the case in a number of tests. The 
increase of strength with rest seems to take place most rapidly 
if the elongation is carried, at each experiment, to the top of the - 
yield-point notch in the diagram. The amount of increase of 
strength to the yield point with a given period of rest is appar- 
ently roughly proportional to the amount of permanent elonga- 
tion along the yield-point notch, but no great eisai if any, 
is obtained by going beyond it. 

The curves in Fig. 225 illustrate tests on two specimens cut 
from the same bar of steel. The curves A and A’ give the dou- 
ble record for a continuous test, the data for which are marked 
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CURVES A annA 


Specimen of Soft Bar Iron 
Length between test marks 8 inches, 
Diameter 1.002 inches 

E for test A =28.4 x 10° Ibs.per sq.inch 
“Pa E for test A’= 28.1 x 10° lbs.per sq.inch 
Yield point for test A = 31150 Ibs. per +] 
sq. inch 
Yield point for test A’= 43900 Ibs. per 
sq. inch | 
Total strength 53100 lbs. per sq. inch 


+++ 


CURVES B B’ 

a Specimen of same iron 
Length between test marks 8 inches. 
Diameter 1.004 inches 

= E for test B =28.5 x 10° lbs.per sq.inch 
Yield point for B=31550 ” ” 
Yield point forB=4100 ” 
Total strength=48200 lbs. per sq. inch 
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CURVES A anp A’ 
Specimen of Bessemer Steel 
Length 9." Diameter 0.883" 
Abscissze X 4580=force 
ordinates, = elongation for curve A 
Ordinates, =elongation for curve A’ 
E=30.5X 10° Ibs. per square inch 
Strength=59900 Ibs. per square inch 
CURVES B B’ 
Specimen from same bar as A See 
Length Diameter 0.871” 
Tested to a at first test 
Bb after 17 hours rest 
» » ¢@ after 24 hours rest 
»  »” d after 24 hours rest 
Abscissze X 4580=force 
Oramates, =elongation for B 
Ordi 
elongation for B! 
The numbers on B indicate minutes ze 
from beginning of test. 
HY 
A 
a. 
| 
>. 
\ 
\ 
Z B | 
35 
$8 / 
a 
7 
‘ 
30) | | K 
TT 7 
| 
~ 
"4 
|_j = 
= = — — American Bagk Note Co., N.¥, 
“Gray” 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


TRANSACTIONS AMERICAN SocreTy OF MECHANTOAL ENGINEERS. Vou. 226. THomas GRAY. 


| 


| 

Coot 


| 


| 


| 


|_| 
| 


| 


{ 

| {| 

| 


| 
| 


|_| 


| 


| 

| 

| | 


|_| 

| 

[| 


~. 


STRUCTURAL STEEL. " 

Dimensions of Specimen =.50'x 200’x 8.00 | | 

” » Fracture =.36'x 1453" | | 

Strength to yield point A =3197 pounds. 

Total Strength = 61438 pounds, i | 
| 


Strength at broken Section di | 
= 108000 pounds. 

Youngs Modulus= 29500000 pounds, “ | | 

Per cent Contraction of Area=48, | 


5 Per cent Elongation =21, 


\ 


o> 


“Gray” = ‘Note Co.,N.Y, 


THE YIELD POINT OF IRON AND STEEL. 718 


on the diagram. The steel is very soft and-shows considera- 


ble departure from perfect elasticity before the yield point is 
reached. Curve B shows the yield-point curve with the elon- 
gation magnified forty times, the load being added very slowly, 
as indicated by the figures which give the time in minutes from 
the beginning of the test. The first elongation was carried to 
the point a on the curve B,' or considerably beyond the yield 


point. After a rest of 17 hours, the specimen remaining in the 


machine, it was stretched to }, and then allowed to rest for 24 
hours, after which it was stretched to c, and again allowed to rest 
for 24 hours, when it was broken. The total strength was con- 
siderably increased by this operation, but the elongation was 
reduced fully one-half. The beginnings of the yield-point 
curves on the forty magnification are shown in the diagram, but 
are not continued through. All of the elongations except the last 
were made very slowly. It would appear from this experiment 
that comparatively little time is necessary to raise the yield 
point up to the limit of strength of the material or to temper 
the specimen almost to the condition of hardened steel for uni- 
directional stress. The application of stress beyond the yield 
point in the opposite direction, at once destroys the effect of this 
tempering,* but whether the material can have its original 
power of elongation restored I am not yet able to say. 

The diagram, Fig. 226, was taken from a flat specimen of struc- 
tural steel plate. The specimen was one-half inch thick by two 
inches wide. The curves are given to illustrate the wide di- 
vergence in the character of yield-point curves. In a large 
number of cases the yield-point part of the curve begins some- 
what sharply, and is followed by a retrograde movement of the 
pen, showing a loss of strength, after which the curve is very 
irregular, indicating successive increases and diminutions of 
strength. Very commonly there is a sharp diminution of 
strength just before the notch is passed. It is not at all un- 
common, however, in the harder steels to find scarcely any yield- 
point notch, and curves approaching that of Fig. 226, which may 
be taken as the other extreme, may frequently be found. The 
variable character of the initial stage of this part of the diagram 
of tests makes it somewhat difficult to define what is to be 
taken as the yield point, and -hence is likely to lead to disputes 
as to the fulfilment of specifications. 


 * See Report of Tests at Watertown Arsenal. 
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The general character of the jagged line forming the yield- 
point notch may be greatly modified by the form of the speci- 
men. Take, for example, a specimen having the same cross- 
section throughout, or having the cross-section on the test part 
the same as that for a short: distance outside of it. Then the 
part outside the test may stretch and lose strength, while the 
test part remains of the same length. This gives rise to an 
apparent loss of strength without elongation, and hence produces 
a very sharp retrograde movement of the recording pen in an 
autographic apparatus. It is not unusual to find the pen travel 
back some distance on the same line it came forward on, and 
then to move straight up, showing elongation to be produced on 
the test piece with less force than had previously been applied. 
This seems to indicate that when the material breaks down at 
one place, which may be outside the test length, the process of 
collapse travels along the specimen. Very slow application of 
the load, extending in some cases over several hours, has been 
tried with the object of determining whether under these cir- 
cumstances the irregular character of the curve at the yield 
point would disappear. The results so far obtained have led to 
practically nothing beyond perhaps an indication in the direc- 
tion of less irregularity. The irregularities are certainly not 
eliminated. If it were possible to test the same specimen sey- 
eral times and at different rates of loading, definite results might 
be quickly reached. In the actual case, however, separate 
specimens have to be used for the different tests, and these, even 
if all are tested in precisely the same way, do not give similar 
curves. It becomes necessary, then, to work from averages, and 
generally these are unsatisfactory because of the small number 
of specimens which can be obtained from one bar and the varia- 
tion of the quality of the bar from point to point along its length. 
Why such a notch should exist at all and why it should repeat 
itself after each successive rest between tests, are very interest- 
ing problems in molecular dynamics. 


DISCUSSION. 


Prof. Charles H. Benjamin.—The diagrams which accompany 
this paper are of special interest, since many of them are drawn 
on such a magnified scale as to show clearly the elastic condition 
of the material before reaching the yield point. 

The magnified curve in Fig. 226 shows a peculiarity which I 
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have often noticed in structural steels and, to a certain extent, in 
all steels—i.e., a variation in the elasticity long before the so- 
called elastic limit was reached, making it difficult to locate the 
yield point or to assign any definite value for £F. 

I have noted the same peculiarity in both tensile and trans- 
verse tests of cast iron. 

I would like to inquire how the value of F given for Fig. 226 
was calculated—that is, what point in the curve was assumed for 
this purpose. 

Mr. Gus C. Henning—Some of the results which Professor 
Gray gives us in his paper on the repeated stress were so inter- 
esting and so novel that I thought it worth while to rig up a 
machine, the Columbia College testing machine, and, with the 
assistance of Professor Woolson, to repeat the tests, and as we 
did not have time enough to complete them we will continue 
and present them to the Society later; but we have done 
enough (of course, I use my own little recorder, which, even with 
its small multiplication, is sufficient) to get at some results, 
which apparently verify many of the points that Professor 
Gray has mentioned, and the change or the difference in elastic 
limit. The change in the elastic curve of the best of cast iron, 
under repeated compression and tension, is clearly marked. 
The modulus of elasticity under compression is considerably 
higher in this particular kind of cast iron than it is in the case 
of tensional stresses, and not only that, but as we repeat these 
stresses the moduli inevery case decrease ; so if we put the dia- 
grams as we obtain them we will get results similar to those of 
Professor Gray. 

There has been a very considerable discussion in the Hn- 
gineering News about yield point and elastic limit. Now, Pro- 
fessor Gray’s recorder points out exactly what a great many 
people who do rapid commercial testing have denied to be a 
fact, and what those who have investigated it carefully, have 
said was one. All of these curves show that. I prefer to draw 
my diagrams different from Professor Gray's, because pretty 
nearly everybody else does, and for another reason: that it is 
more readily visible. As the stress increases, the deflection 
increases. Here (Fig. 227) you see I have drawn a slight kink at 
din it. The line abc changes —it falls off, then it runs up to d-c. 
Now, most people deny that there is any possibility of deter- 
mining the elastic limit as distinct from the yield point, and that 
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engineers should not use the elastic limit, as distinct from the 
yield point, as a factor ora point from which to start their basis 
of calculation for loads applied. Now, this little recorder and 
Professor Gray’s invariably show a sudden change there at d, 
which is distinctly the limit of proportionality as defined by all 
the European investigators, and further beyond a distinct yield 
point atc. Fromd to the material stretches materially with- 
out increase of load. From a to b it stretches very little 


Gray 


Fig. 227. 


indeed. The limit of proportionality as defined by Bauschinger 
and the French official commission is at b. But while change 
in curve a-b is not very well defined, d is generally well 
defined and c always is particularly distinct; but when deter- 
mined by drop of the beam no one knows whether it is ¢ or 
whether it is not as Professor Gray just showed. Now, as the 
drop of the beam is solely a function of the stretch of the 
material, the man who habitually works by drop of the beam 
will say that d—or let me say, or any point within kmln—is the 
yield point—just about as close as that. And that is the point. 
Now, if a recorder is used—I do not care whether it multiplies 
five times or five hundred times—it will invariably be known 
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that ¢ is the yield point, because before you get to that point 
you will find exactly what I have shown at d—although 
slightly—a change in that curve. Now, when any person care- 
fully investigates things by recorders of this sort or of any kind 
which do their work correctly, he will always know that there 
is an elastic limit (limit of proportionality) and a yield point, 
and there will be no question about it. But when you work by 
drop of the beam there may be everything under the sun to 
vitiate results—the slip in the wedges, slip in one wedge or in 
another wedge, the compression of the whole machine, being 
built of cast iron; the carelessness of the man, the inertia of the 
machine, and several other things besides, especially the inten- 
tional location of the yield point at any given point to fill the 
specifications; but the diagrams will always tell where d and c 
are, and in view of these diagrams, especially emphasized by 
Professor Gray’s paper, it cannot be denied that there is a dis- 
tinct difference between elastic limit and yield point; and I 
point this out so clearly, because some people who ought to 
know better have insisted upon it, that for all practical purposes 
the determination of yield point by drop of the beam is suffi- 
cient. If engineers want to know what their materials are they 
might just as well be a little more careful and not take these 
fictitious high values of qualities of material, because they will 
invariably make a mistake. You may say that the factor of 
safety covers the mistake. It does not. It does in some mate- 
rials, but it does not in all. Now, this peculiar behavior in plate 
iron is due to one fact especially. It is due to cold rolling 
more than anything else. If the material is a very hard mate- 
rial, the modulus of elasticity will be practically the same, but 
the elastic limit and the yield point-will be changed, and just as 
Soon as a material which approaches the higher carbon steels 
is tested, the curve will be smooth and continuous without 
kinks, and in the case of structural steels, when cold-rolled, 
because they did not pass through the rolls hot enough, a very 
marked indication of the yield point much too high will be ob- 
tained, although the elastic limit will be indicated just as nicely 
as when the material is properly rolled. If the steel is a higher 
carbon steel, for instance .45 carbon, where the strength runs 
up to eighty or eighty-five thousand, then a rapidly and gradually 
changing smooth curve will be obtained, whether it is properly 
rolled or not. In tool steel you will get almost a smooth curve, 
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and then the drop of the beam is useless to determine the yield 
point; but Professor Gray’s recorder will show it very well. It 
is shown on his curves. It is very pretty indeed to show what 
a slight check in the test-piece produces in results ; while if the 
bar had been tested without a recorder this difference of be- 
havior would hardly have seen seen, and the difference in elon- 
gation there would probably have been ascribed to other rea- 
sons than the correct one. This beautiful illustration of the 
raising of the elastic limit shows another thing. Ifthe curve 
be foreshortened (Fig. 223) the elastic limit will be clearly seen 
somewhere below that yield point, and it will be found that in 
further raising of the yield point the new curve will be different 
from the first, and the curve will show that the material has 
been once strained. Therefore if you have a material once 
strained and then observe that material under a reapplied strain, 
the diagram will show it. The testing by sight or by hand will 
show nothing of the sort, and it is only too easy to fabricate 
results by those methods. 

Now, in regard to another point that is raised by Professor 
Gray —he said he had not investigated the effect of the repeated 
application of stress within the elastic limit. We have done that, 
and so far as we can see we can find no change whatever. If 
we remain well within the elastic limit we can repeat the ten- 
sion stresses frequently—I do not say as often as we like, but 
frequently—without showing the slightest effect on the curves ; 
but just as soon as we reach the elastic limit without even pass- 
ing beyond it, then there will be a marked change in the curve, 
and the material changes its character totally. 

I can only say that I am most pleased with what Professor 
Gray has shown in his paper, because I think it will settle all 
the discussion on some of the points which have been talked 
about so much, especially by those who knew least of them. 

Professor Gray.—In regard to one or two of the points that 
Mr. Henning has spoken of, it may be well to give some explana- 
tion. With regard to the curved poi:ts in the diagrams for 
cast iron, given in my paper, I may say that the amount of 
rounding at the points depended largely upon the length of 
time between the stoppage of increasing load and the beginning 
of decreasing load. The material was in a semi-plastic condi- 
tion when stretched to the degree given there, and gradually 
yielded. A certain time, perhaps amounting to half a minute 
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in some cases, elapsed between the increasing and decreasing 
loads, giving a slight rounding of the curve. There is, of course, 
one way in which the rounding of the curve may occur, and it 
may be as well to mention it, because it is one thing that ought 
to be taken account of in making tests of that character. If the 
machine be imperfect, if the machine be frictional—I do not 
mean the recording mechanism, but the machine itself—it will 
do that kind of thing; it will not respond promptly when the 
load is reversed. In the case here considered the amount of 
friction, although not negligible at all, was not enough to give 
the curve-point. It was due to the flow of the material un- 
doubtedly in that case. 

Then, with regard to the change of modulus, as shown by my 
curve, it may be well to point out that those moduli were calcu- 
lated for each case from the actual cross-section for that case, 
and a certain part of this change in the line which is shown in 
the curves was due to diminution of section, not all of it. 
There is a change of modulus, but it is so small that I do not 
know that any inspector of materials could base any objection 
on it. I think it is rather within the limits of ordinary varia- 
tions of the material. The modulus changes in one direction 
for several successions of load and rest, and generally changes 
in opposite directions for further continuation of the experi- 
ment. Several of these points are quite interesting physically, 
but discussion of all the points that come up in connection with 
those curves would make the paper into a volume. | 

Then, as regards stress below the elastic limit, I had not 
investigated enough to say anything definite upon it. I have 
applied stresses and taken them off several times, and found no 
noticeable result. But whether, if we continue to put these 
stresses on and off, instead of one or two times one or two 
hundred times, we would not get something, is still to be 
demonstrated. I think that is one thing that we have to inves- 
tigate in the near future to satisfy ourselves on. : 

Mr. O. C. Woolson.—With regard to Professor Benjamin's ques- 
tion as to what part of the diagram was used in calculating the 
values of EH given in the paper, I may say that my usual 
practice is to take the part beginning at zero load. The line 
tangent to the curve at zero load practically lies along the 
curve up to a considerable fraction of the yield-point load. 
What do we understand Mr. Henning means by keeping well 
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within the elastic limit? Are we to infer from that that he 
suggests making any change from present practice regarding 
this rather unknown quantity ? 

Mr. Henning.—I can answer Mr. Woolson this way: Before 
you make any calculations have your material carefully tested 
_ by a man who knows his business, and let him tell you what are 
the safe loads to be applied. Load materials are changing every 
day, especially at present, when they are beginning to mix iron 
and copper, and aluminum, and everything else. We know our 
trolley wire can be stretched more than any one knew copper 
wire could be stretched before without breaking down; but 
whether that wire can be permanently kept in that position 
without breaking we do not know. We know that trolley 
wires break for various reasons, but whether that is not due to 
the change of condition on account of that band klnm, which I 
have represented to be one-quarter inch wide, representing the 
location of the yield point or the elastic limit, we do not know, 
but if that quarter-inch of variation in that diagram means a 
difference in load of, say, 5,000 pounds, as is easily possible in 
the present machines, or the present methods used in testing, 
why, then, supposing that you apply a factor of safety of four, 
you may approach the elastic limit, which was away below 
that, so closely that you are running risks of stretching your 
material permanently every time you apply your working loads. 
When you consider that instantly you apply loads greater than 
working loads in machinery, you are exceeding the low factors 
of safety which are based on ultimate strength, it is obvious that 
we must know somewhat nearer than the position of the quarter- 
inch strips where the elastic limit—not the yield point—is 
actually located. 


. 
i 


ON RATING ELECTRIC POWER PLANTS. 


DCCXXXII.* 


ON RATING ELECTRIC POWER PLANTS UPON THE 
HEAT-UNIT STANDARD. 


BY WM. 8. ALDRICH, MORGANTOWN, W. VA. 


(Member of the Society.) 


THE progress of power-plant engineering has reached such a - 
stage of development that electric power plants should be con- 
tracted for on a somewhat similar basis of guaranteed perform- 
ance as that now in vogue for pumping plants. There should 
be guaranteed a definite output, in the case of the electric plant, 
to be measured, at the switchboard and expressed in kilowatts 
per 1,000,000 B. T. U. supplied to the steam used in the whole 
lant. 

. Following are some of the advantages of having such a stand- 
ard for this purpose founded upon the heat-unit basis : 


(1) Lt isa simple basis, involving quantities easily measured. 


B. T. U. Input.—The computation is based upon the quan- 
tity of heat required to raise all of the feed water from its tem- 
perature to that of the steam at the boiler pressure, with such 
additional determinations and allowances as are now regularly 
made in obtaining the similar quantity of heat supplied in the 
duty trials of pumping engines. 

Kilowatts Output.—The work is obtained from corrected 
voltmeter and ammeter readings, at the switchboard, for a defi- 


nite interval of time at a given specified load, which is main- 
tained uniform throughout. 


(2) Lt applies to all plants operated by any kind of heat-engine. 


The present way of stating such performance is: (@) Kilowatts 
per pound of coal; (+) kilowatts per cubic foot of gas; (c) kilo- 
watts per gallon of oil—according to the kind of heat-engine 
furnishing the motive power for the plant. The proposed stand- 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
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ard is superior to such ratings as the former, and furnishes a 
common, practical, and scientific one for all of them. They 
involve the efficiency of the boiler or of the gas producer, and 
this last requires the determination of the thermal value of the 
fuel. It is not alone the difficulty of such determinations but 
the unsatisfactory nature of the fuel basis which has led to its 
disuse in pumping plants. 


(3) Zt forms the most satisfactory basis for comparison of plants. 


Efforts are being continually made to obtain such ratings for 
existing electric power plants as will enable the probable per- 
formance of similar projects to be predetermined when installed 
and operated in like manner. Sufficient and reliable data may 
be obtained at various proportional parts of the full load of the 
plant as will enable one to determine what may be called the 
“characteristic” of the particular type of electric power plant 
under consideration. The inherent advantages of each type of 
plant will then appear in its characteristic curves, showing the 
variations in its efficiency and economy at various proportional 
parts of its full load or of its rated normal capacity. Then it 
will be possible to compare, at different loads, system with sys- 
tem and plant with plant. Such determinations and compari- 
sons will, be all the more valuable if based upon commonly- 
accepted standards and ratings, such as the heat-unit proposed. 


(4) It will facilitate the predetermination of the performance of 
electric power plants. 

The engineering precedent which will be established by such 
a standard will promote the predetermination of the efficient 
and economic performance of electric plants quite as much as 
similar ratings have accomplished for pumping plants. While 
both units are rarely built by the same concern, as in the case 
of the latter, still this should not debar the installing engineer 
from advocating the use of such guarantees based on the heat- 
unit basis if his work is to hold its own in the light of the 
guarantees and contracts made in other branches of engineer- 
ing, and notably so in the installation of pumping machinery. 


(5) It will promote the most economical arrangement of plants. 


The power plant is an aggregation of units and of an ever- 
increasing complexity. It is therefore quite as essential to have 
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the whole system economically arranged as to have the most 
economical units. It is this economy of arrangement or of 
installation, so to speak, which, in a measure, the duty of a 
pumping plant so clearly expresses when based upon the heat- 
unit standard. It is such a method of stating the final outcome 
of the arrangement of all of the details of a power plant of 


which designers, builders, managers, and owners wish to know 
the value. 


(6) Heat-unit specifications will form a proper basis of agreements. 


Builders of both engines and dynamos are equally interested 
in the adoption of some such common standard. Unfortunately, 
however, in many cases this interest extends only so far as the 


economic performance is concerned of the individual machines 
which they manufacture. 


(7) Contract trials of electric plants should be based on heat-units. 


Contract trials of the completed plant are necessary to estab- 
lish the guarantees of satisfactory fulfilment of contract as to 
both efficiency of installation and economy of operation. The 
present method of basing the performance of such upon the 
final plant efficiency is misleading. In electric installations, 
particularly, there is a set of conditions insuring a maximum 
value for such an efficiency, usually at some fractional load. 
There is also in such plants another set of conditions, at some 
other load, insuring maximum economy of operation of the 
engine. Only contract trials for definite periods of time, at 
specified and uniform loads (at various proportional parts of the 
full load), will enable all claims to be adjusted regarding guar- 
anteed efficiency or economy, when such is based upon the quan- 
tity of heat supplied to the system in thermal units. 


(8) It will advance this industry along engineering lines. 


The business of power-plant design, construction, installation, 
and management is not altogether in a formative period. Nev- 
ertheless, when an electric power plant can be contracted for on 
the basis of so many kilowatts output per 1,000,000 B. T. U. in 
the steam supplied to the plant, and that at a certain specified 
load, or proportional part of the full load, then we may expect 
somewhat the efficiencies, economies, guarantees, and contracts 
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now being regularly realized in some of the other lines of power 
generation. 
The subject is developed in this paper as follows: 
(1) The heat-unit as a basis for rating steam power plants. 
(2) The heat-unit required for such a standard. 
(3) Present use of the heat-unit in steam pumping plants. 
(4) Present way of stating performance of electric plants. 
(5) The load factor in power-plant ratings. 
(6) Proposed use of heat-units in electric plants. 
(7) Determination of the heat supplied to the steam. 
(8) Performance of the boiler not in evidence. 
(9) Determination of work done by electric generators. 


(1) THE HEAT-UNIT AS A BASIS FOR RATING STEAM POWER 
PLANTS. 


It is not the purpose of this paper to review the line of argu- 
ment for such a use of the heat-unit as a standard basis for 
rating and comparing the performance of steam power plants in 


general. Nor is it proposed to advocate anew the great value 
of heat-unit specifications as the proper basis of agreement 
between contractor and builder, on the one hand, and the sub- 
sequent contract trials on this basis as the most satisfactory 
means of adjusting all claims in power-plant installations, on 
the other hand. 

The heat-unit is the most scientific basis for the engineer to 
use in stating the final performance of any power plant driven 
by a heat engine. It is, in consequence, the most satisfactory 
standard upon which to base an agreement between the con- 
tracting parties for the installation. 

The merits of the heat-unit standard in these particulars 
cannot be longer open to discussion. It has been so completely 
defined for pumping plants, for instance, and is in such constant 
and satisfactory use in this branch as to prove its engineering 
value. 

Heat-unit ratings are also coming into more general use as the 
most suitable standard upon which to base the performance of 
prime movers in power plants deriving their energy from fuel, 
whether by steam engines or other heat engines. The value of 
such a standard has been ably advanced by Prof. C. H. Pea- 
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body in a paper* before this Society, from which we quote as 
follows : 

“Tt is customary to state the performance of a steam engine 
in pounds of steam used per horse-power per hour, a method 
which is open to objection, since the value of a pound of steam 
depends on the pressure and quality of the steam. It has fre- 
quently been urged upon the attention of engineers that the 
British thermal unit (B. T. U.) should be used in stating the 
performance of engines. . . . In order to obtain convenient 
numerical quantities it is advisable to state engine performance 
in British thermal units per horse-power per minute. Incident- 
ally, this method has the advantage that it may be used for any 
heat engine, such as a hot-air engine or a gas engine.” 


(2) THE HEAT-UNIT REQUIRED FOR SUCH A STANDARD. 


The acknowledged scientific standard of temperature, of 
0 degrees Cent., is evidently impracticable for a heat-unit stand- 
ard. Prof. H. A. Rowland has shown that such a temperature 
is out of the question, because the mechanical equivalent of 
heat is not definitely determined and probably cannot be at this 
critical point. Nevertheless, such is the basis of the scientific 
heat-unit, the calorie—the quantity of heat required to raise the 
temperature of one kilogram of pure water one degree from 
0 degree Cent. 

The temperature of 39.1 degrees Fahr., at which water attains 
its maximum density, is equally undesirable, notwithstanding 
that it is the old British standard temperature of the days of 
Rankine. The determination of the mechanical equivalent of 
heat at this critical temperature offers similar difficulties to those 
of the freezing point. At neither of these points can the specific 
heat of water be satisfactorily determined. 

“There is practical convenience in choosing 62 degrees Fahr. 
for the standard, because it is near the mean temperature of the 
air during experimental work,” as Prof. C. H. Peabody has 
pointed out. Besides, the specific heat of water may be defi- 
nitely known at this temperature ; therefore “it is more scien- 
tific to take an easily verified quantity for the standard.” 

The British thermal unit now used, or the mechanical equiv- 


* Transactions of the American Society of Mechanical Engineers, vol. xiii., 


No. 484, on the “Economy and. Efficiency of the Steam Engine,” by C. H. 
., Peabody, 
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now being regularly realized in some of the other lines of power 
generation. 

The subject is developed in this paper as follows: 

(1) The heat-unit as a basis for rating steam power plants. 

(2) The heat-unit required for such a standard. 

(3) Present use of the heat-unit in steam pumping plants. 

(4) Present way of stating performance of electric plants. 

(5) The load factor in power-plant ratings. 

(6) Proposed use of heat-units in electric plants. 

(7) Determination of the heat supplied to the steam. 

(8) Performance of the boiler not in evidence. 
(9) Determination of work done by electric generators. 


(1) THE HEAT-UNIT AS A BASIS FOR RATING STEAM POWER 
PLANTS. 


It is not the purpose of this paper to review the line of argu- 
ment for such a use of the heat-unit as a standard basis for 
rating and comparing the performance of steam power plants in 
general. Nor is it proposed to advocate anew the great value 
of heat-unit specifications as the proper basis of agreement 
between contractor and builder, on the one hand, and the sub- 
sequent contract trials on this basis as the most satisfactory 
means of adjusting all claims in power-plant installations, on 
the other hand. 

The heat-unit is the most scientific basis for the engineer to 
use in stating the final performance of any power plant driven 
by a heat engine. It is, in consequence, the most satisfactory 
standard upon which to base an agreement between the con- 
tracting parties for the installation. 

The merits of the heat-unit standard in these particulars 
cannot be longer open to discussion. It has been so completely 
defined for pumping plants, for instance, and is in such constant 
and satisfactory use in this branch as to prove its engineering 
value. 

Heat-unit ratings are also coming into more general'use as the 
most suitable standard upon which to base the performance of 
prime movers in power plants deriving their energy from fuel, 
whether by steam engines or other heat engines. The value of 
such a standard has been ably advanced by Prof. C. H. Pea- 
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body in a paper* before this Society, from which we quote as 
follows : 

“Tt is customary to state the performance of a steam engine 
in pounds of steam used per horse-power per hour, a method 
which is open to objection, since the value of a pound of steam 
depends on the pressure and quality of the steam. It has fre- 
quently been urged upon the attention of engineers that the 
British thermal unit (B. T. U.) should be used in stating the 
performance of engines. . . . In order to obtain convenient 
numerical quantities it is advisable to state engine performance 
in British thermal units per horse-power per minute. Incident- 
ally, this method has the advantage that it may be used for any 
heat engine, such as a hot-air engine or a gas engine.” 


(2) THE HEAT-UNIT REQUIRED FOR SUCH A STANDARD. 


The acknowledged scientific standard of temperature, of 
0 degrees Cent., is evidently impracticable for a heat-unit stand- 
ard. Prof. H. A. Rowland has shown that such a temperature 
is out of the question, because the mechanical equivalent of 
heat is not definitely determined and probably cannot be at this 
critical point. Nevertheless, such is the basis of the scientific 
heat-unit, the calorie—the quantity of heat required to raise the 
temperature of one kilogram of pure water one degree from 
0 degree Cent. 

The temperature of 39.1 degrees Fahr., at which water attains 
its maximum density, is equally undesirable, notwithstanding 
that it is the old British standard temperature of the days of 
Rankine. The determination of the mechanical equivalent of 
heat at this critical temperature offers similar difficulties to those 
of the freezing point. At neither of these points can the specific 
heat of water be satisfactorily determined. 

“There is practical convenience in choosing 62 degrees Fahr. 
for the standard, because it is near the mean temperature of the 
air during experimental work,” as Prof. C. H. Peabody has 
pointed out. Besides, the specific heat of water may be defi- 
nitely known at this temperature ; therefore “it is more scien- 
tific to take an easily verified quantity for the standard.” 

The British thermal unit now used, or the mechanical equiy- 


* Transactions of the American Society of Mechanical Engineers, vol. xiii., 


No. 484, on the “Economy and. Efficiency of the Steam Engine,” by C. H. 
Peabody. 
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alent of the heat required to raise the temperature of one 
pound of water one degree from 62 degrees to 63 degrees Fahr., 
is that of Professor Rowland’s determination, of 778 foot-pounds. 
This temperature is also that of the new British standard of 
weights and measures, and more clearly approaches the 15 
degrees Cent. of the French standard—a temperature frequently 
used and readily maintained in electrical and other testing 
work. 

The only objection to the British thermal unit used in connec- 
tion with the watt is that this heat-unit is not, like the watt, one 
of the units based on the scientific standards of the C. G. S. 
system. Of course, such a heat-unit is to be found in the 
calorie. But its mechanical equivalent requires that the most 
accurate scientific measurements be made at the critical tem- 
peratures for water, which have been found to be quite impos- 
sible of determination. 


(3) PRESENT USE OF THE HEAT-UNIT IN STEAM PUMPING PLANTS. 


The use of the heat-unit in this connection was first sug- 
gested * by Dr. Chas. E. Emery, member of this Society. He 
proposed that the duty of pumping engines should be based 
‘upon the foot-pounds of work done by the steam pump on an 
expenditure of 1,000,000 B. T. U. in the steam supplied to the 
plant. 

The adoption of this standard was the logical outcome of the 
old one, by which the “duty ” was rated in foot-pounds per hun- 
dred pounds of coal burned under the boiler. The ordinary 
specification of an evaporation of 10 pounds of water, from and 
at 212 degrees Fahr., under atmospheric pressure, would result 
in 965,700 B. T. U. supplied to the whole plant per hundred 
pounds coal burned under the boiler. Another advance was 
made when it was proposed to state this “ duty ” on the basis of 
the 1,000 pounds of feed water supplied to the system, rating 
the heat units per pound of water evaporated as before, from 
and at 212 degrees Fahr. But it was clear that the efficiency of 
the boiler should have nothing to do with the “duty” of the 
pumping engine. It was therefore but a slight step, and one in 
the right direction, to change the standard to that of 1,000,000 
B. T. U. in the steam supplied to the plant. 


a United States Centennial Commission, International Exhibition, Group XX. ; ; 
vol. vi., pages 21 and 115 of the Report of the Judges. 
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Such use of the heat-unit was further considered before this 
Society in the “Report of Committee on a Standard Method 
of Conducting Duty Trials of Pumping Engines.” * The adop- 
tion of this method has since resulted in most remarkable 
developments in this branch of industry. Unprecedented econ- 
omies of pumping engines have been brought about. Installa- 
tions and contract trials upon such a basis have furnished 
valuable engineering precedent. The “duty” of pumping en- 
gines can be so closely approximated that binding contracts are 

.willingly entered into by the builders. Bids are advertised for 

with the understanding that “No bids will be considered offer- 

ing less duty than 130,000,000 foot-pounds.” 

The question was opened afresh and the cause further pro- 
moted by Mr. A. F. Hall in a recent paper + before the Society, 
in which he writes thus: 

“But why use variable quantities as coal and steam for units 
when the heat-unit is just as simple to obtain and use, and one 
which requires but little study to understand? . . . It has in 
it the elements of simplicity, and places all engines upon an equal 
footing for comparison, which no other proposed method does.” 


(4) PRESENT WAY OF STATING THE PERFORMANCE OF ELECTRIC 
POWER PLANTS. 


It has been previously noted, in the abstract of advantages of 
the heat-unit basis over the present ratings, that the latter are : 
(a) kilowatts per pound of coal; (b) kilowatts per cubic foot of 
gas ; (c) kilowatts per gallon of oil. This is merely to inaugu- 
rate a method of stating such performance for electric plants 
as that which has been tried and found wanting for pumping 
plants. Neither do builders of engines and dynamos care to 
be held responsible for the performance of the 
plant, whether it be a steam boiler or a gas producer. 

The watt, the kilowatt, or the watt-hour basis is guilticiy 
intelligible. The fuel record is on the most unsatisfactory and 
unreliable basis that could have been selected for such ratings. 
The kind of coal or other fuel is rarely stated. It is always a 


* Transactions of the American Society of Mechanical Engineers, vol. xi., No. 
381—*‘ Report of Committee on a Standard Method of Conductiog Duty Trials 
of Pumping Engines.” 

t Transactions of the American Society of Mechanical Engineers, vol. xv., 
No. 584—‘‘ Heat-Units and Specifications for Pumping Engines,” by A. F. Hall. 
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variable quantity. Even if noted, it enables one to form only a 
vague notion of what the economic rating should be with any 
other kind of fuel. Such records and ratings are not of perma- 
nent value. They are not given on a rational and scientific 
basis in conformity with the standards in electrical and other 
engineering work. It is proposed to substitute the heat-unit as 
the standard, about which there can be no dispute, unless it be 
as to the kind of heat-unit which should be chosen. This objec- 
tion has been considered in a preceding section with regard to 
the merits of the British thermal unit and the calorie of the 
French standard. 


(5) THE LOAD FACTOR IN POWER-PLANT RATINGS. 


When the output of the plant is referred to, it is usually ia 
terms of its load factor. Thus, for any one day’s record of the 
performance of a good electric plant it would be at present ex- 
pressed as, say, 200 watt-hours per pound of coal, with load 
factor of 40. From the very definition of this term “load 
factor’ and the limitations placed upon it, it is apparent that 
the same factor may be obtained in quite a number of different 
ways. It is needless to point out that there will be a different 
coal bill for each and every set of conditions giving one and the 
same load factor. 

This load factor expresses the rate of working. Professor 
Unwin * states the case very clearly thus: “There may be vari- 
ous load factors according to the précise fluctuation considered. 
But for the object at present in view, the consideration of the 
influence of variation of load on the efficiency of steam plant, 
the load factor may be taken to be the ratio of the area ofa 
day’s load curve to the area of a rectangle enclosing it. It is 
equally the ratio of the average load during the day to the 
maximum load at any time during the day.” 

Such a load factor, therefore, takes no consideration of the 
performance under a steady load, but mainly represents the 
result of the general average of all of the various fluctuations 
during any given time interval, as one day. For the purpose of 
this paper it cannot be considered as being at all equivalent to 
what is herein termed “ the proportional part of the full load,” 
under which condition all parts of the system may be consid- 


* <*On the Development and Transmission of Power from Central Stations,” 
by W. C. Unwin, London, 1894. 
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ered as running under a constant load. It is the performance 
under the latter uniform condition which forms the basis for 
comparison of ratings by the British thermal unit standard. 


(6) PROPOSED USE OF HEAT-UNITS IN ELECTRIC PLANTS. 


It is proposed to state the performance of steam-power elec- 
tric plants in kilowatts per 1,000,000 B. T. U. supplied to the 
steam used in the complete plant. 

It is apparent that the same line of arguments, pro and con, 
is quite likely to arise as in the case of similar ratings for 
pumping plants. However, such a basis is equally adapted to 
meet the growing requirements for some standard in these latter 
types of steam-power plants. 

In this case, moreover, it is possible to start upon a right 
basis from the beginning. The practice of rating the perform- 
ance upon the watt-hours per pound of coal has not become so 
rooted that it cannot be changed to that now proposed. The 
necessity for such a standard in this case is none the less real, 
nor is its final adoption less probable on account of the radi- 
cally different conditions under which these two types of power 
plants are regularly operated ; namely, uniform loads in pump- 
ing plants-and extreme and often rapidly varying loads in the 
electric plants. 

As long as electricity continues to be generated by machinery 
driven by heat engines, as well as when it comes to be generated 
from coal direct, it is believed that there is no better standard 
than that already adopted in steam engineering. The unit of 
measure for the total heat put into the system—namely, the 
British thermal unit—is that upon which the output in kilowatts 
may be most satisfactorily based. 


(7) DETERMINATION OF THE HEAT SUPPLIED TO THE STEAM. 


The method of procedure, by which the quantity of heat sup- 
plied to the system is determined from the feed-water measure- 
ments, has been ably set forth in the report * of the Committee 
on Duty Trials of Pumping Engines. It is equally applicable to 
the case of the electric plant, and is as follows: 

“Starting with a heat-unit basis of computing duty, it is pro- 

* Transactions of the American Society of Mechanical Engineers, vol. xi., 


No. 381—‘‘ Report of Committee on a Standard Method of Conducting Duty Trials 
of Pumping Engines.” 
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posed to make the computation from the quantity of heat sup- 
plied to the complete plant; using not only that supplied to the 
engine cylinders, but that supplied to all the necessary parts of 
the engine, such as the steam jackets, the donkey feed pump, the 
independent air pump, if this be driven with steam, and any 
other apparatus using steam which is necessary to the opera- 
tion of the engine. 

“In contract tests, if a steam pump be used for the boiler 
feed pump, the quantity of heat supplied for operating this ap- 
paratus is to be included in the total quantity, not only in cases 
where both boiler and engine are supplied by one party, but 
also where the boiler is furnished by a separate contractor. In 
this connection it should be added that if the engine contractor 
does not furnish the boiler feed pump, he should be permitted 
to specify, if he desires, the kind of feeding apparatus which 
shall be used during the test. - 

“The heat-unit method requires that the actual total heat of 
the steam shall be known, and for this purpose allowance will 
necessarily be made for any moisture or superheat contained by 
the steam furnished to the engine.” 

The method is further thus specified in Mr. A. F. Hall’s 
paper, previously referred to : 

“ Each pound of water fed to the boiler is to be debited with 
the heat required to raise all of the water from the temperature 
it has at its entrance to the boiler to that corresponding to the 
boiler pressure, and the amount of heat required to convert 97 
per cent. of the water into steam of boiler pressure from the 
temperature corresponding to this pressure.”’ 

This is allowing for 3 per cent. moisture. The amount of 
moisture in any case would be determined by calorimetric 
measurements of the quality of the steam supplied by the boiler 
to the engine, and similarly allowed for. 


(8) PERFORMANCE OF THE BOILER NOT IN EVIDENCE. 


This is the case for similar reasons to those which have ruled 
out the boiler performance in determining the duty of pumping 
plants. The steam-generating plant and the steam motive- 
power installation form two elements wholly distinct from each 
other. They may be, in some cases are, quite independent of 
each other. 
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The thermal value of the fuel used must be brought into the 
case if the performance of the plant is to be based upon the 
heat supplied to the boiler furnace. Such a coal basis is too 
uncertain, and is the least desirable one at present from which 
_ to determine the heat supplied. 

The boiler plant is the only portion of the installation in 
which the human element has a hand in the economic per- 
formance. 

It is most desirable to eliminate this as far as possible. 
Upon the skill of the fireman, or upon what may be called his 
personal equation, very much of the economy and efficiency of 
the boiler will depend. If mechanical stokers are used, even 
then the skill of the attendant is quite an important item. 

However, at this stage of development, builders of engines 
and dynamos do not care to be responsible for the performance 
of the boiler plant, which is often furnished and installed by 
entirely different’ parties. They wish to know the “ duty,” as 
in the case of pumping engines, regardless of the boilers, or 
irrespective of how the steam is supplied, provided it is com- 
mercially dry. 


(9) DETERMINATION OF THE WORK DONE BY THE ELECTRIC 
GENERATORS. 


This reduces simply to voltmeter and animeter readings at 
the switchboard. These are to be further corrected for any 
instrumental errors. The load during trial should be main- 
tained as nearly constant as practicable. Latest forms of re- 
cording instruments make it quite possible to obtain accurate 
records throughout any specified period. The extreme simpli- 
city and the high degree of accuracy attainable, in the case of 
the electric plant, should be strong points in favor of adopting 
such a standard rating as here proposed. 

Direct-connected units in electric plants make this method 
as feasible and as practicable as in direct-acting pumping 
engines. It is of course possible, but quite improbable, that 
steam-power electric plants of any magnitude will be belt- 
driven in the future. The standard performance of such instal- 
lation involves taking into account the small percentage of loss 
due to the slipping of the belt or rope drive. This must be 
stipulated in the specifications and allowed for in like manner 
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to the percentage of slip in steam pumping-engine trials. The 
cases are not exactly analogous, but they may be similarly con- 


sidered in the specifications and determined in the contract 
trial. 


DISCUSSION. 


Mr. Charles T. Povter.—This paper is a step in the right 
direction. The ultimate point to be reached is the rating of 
ali steam engines upon the heat-unit standard. This is the 
mode of rating to which engineering is tending, and is obvi- 
ously the only mode for which scientific accuracy can be 
claimed. 

In this mode a heat account is kept with the engine. It is 
debited with the number of thermal units supplied to it and to 
pumps, etc., on its account, and is credited with the number 
converted into work. The ratio between these numbers ex- 
presses the value of the engine on the economic scale. The 
object of all engine tests should be to determine these numbers 
with accuracy. 

All this is now so generally understood that we may expect 
that, so far as possible, experts will hereafter work on this line. 

My object in discussing this paper is to present the point 
that, whatever the application of its power may be, the engine 
should, in the above account, be credited with the power shown 
by the indicator. In crank and flywheel engines the ratio 
which the engine is capable of maintaining between the num- 
ber of thermal units received and the number accounted for on 
the diagram is the only variable to speak of, and presents the 
only point of interest. 

In this class of engines, between those equally well made the 
power expended in overcoming the friction of the engine itself 
differs but little. It can always be known, having been shown 
by repeated experiments to be the power shown by the friction 
diagram, whatever amount of work the engine may be doing. 
The losses of power in the dynamos are also well established. 

So it results, practically, that in fixing the terms of a guar- 
antee, the economic value of the engine, determined in the 
method above indicated, is the only question to be considered. 

Mr. William Kent.—This paper states that electric power 
plants should be contracted for on a basis similar to that in 
vogue for pumping plants. The plant consists of three princi- 
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pal portions, the boiler, the engine, and the dynamo; it also 
may have economizers, heaters, feed-pumps, and many other 
accessories. If a whole plant is to be guaranteed it certainly 
should include the boiler. If the author had said that the 
engine and dynamo part of the plant should be guaranteed on 
this basis, I should say the heat-unit standard may be all right. 
But I do not see why two rival contractors for the whole plant 
should be each asked to guarantee on this basis so many kilo- 
watts developed from a certain number of thermal units unless 
they also are required to guarantee the economy of the boilers. 
The two men may put in equally good engines and dynamos 
while one may put in a better boiler plant than the other. I 
think the boiler should be included. 

Prof. L. S. Randolph.—The writer agrees most heartily with 
Mr. Aldrich in regard to the method of rating steam and elec- 
tric plants, but would like to see the principle carried further 
than the heat in the steam, and have the rating based on the 
heat-units in the coal. In the present condition of the coal 
calorimeter, however, it would be impossible to obtain results 
sufficiently concordant to warrant its use, and nothing else quite 
takes its place. Recent investigations on the coal calorimeter, 
however, seem to indicate that it may be possible to get satis- 
factory results from it, under which circumstances it would be 
‘perfectly feasible. The element of uncertainty introduced by 
the personal equation of the fireman, while objectionable from 
a purely scientific standpoint, becomes an essential element in 
the commercial consideration of the problem ; and while it must 
be admitted that the proper covering of this point in a specifi- 
cation or test presents many difficulties, still these are not in- 
surmountable, and as a reward we will get some of the improve- 
ments in boiler design and economy which have been obtained 
in steam-engine work. It seems to the writer that much of the 
blame for unsatisfactory results obtained can be laid more fre- 
quently at the door of defective boiler design and management 
than at anywhere else. How frequently we see elaborate engines 
supplied with steam by boilers entirely innocent of economizers, 
feed-water heaters, etc. ; engine rooms fully equipped with indi- 
cators and cards taken regularly where there is no method of 
obtaining the water consumption! While there are, perhaps, 
too many difficulties in the way at the present time of our rating 
the economy of power plants on the basis of the heat-units in 
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_the coal, there is no reason why we should not at the present 
time make the rating, as the author suggests, on the basis of the 
heat-units in the steam. It seems to have everything to recom- 
mend it, and, as the author well says, should be done now, be- 
fore some other less desirable unit is adopted. 

I do not like Professor Aldrich’s definition of the heat-unit. 
He says: “ The British thermal unit now used, or the mechanical 
equivalent of the heat required to raise the temperature of one 
pound of water one degree from 62 degrees to 63 degrees Fah- 
renheit, is that of Professor Rowland’s determination of 778 foot- 
pounds.” The thermal unit is not the mechanical equivalent of 
heat. The heat-unit is the heat required to raise one pound of 
water one degree Fahrenheit, and is independent of Rowland’s 
or any one else’s determination of the mechanical equivalent. 
But there is a little difference of opinion at what temperature 
we should take the water in defining a heat unit, whether from 
39 to 40 or from 62 to 63. I prefer the old definition, 39 to 40 
degrees, but the difference between the two definitions is infini- 
tesimal and of no practical importance in the question of 
rating an electric plant on the heat-unit basis. The question 
of the definition of the heat-unit was discussed in the discus- 
sion of Professor Peabody’s paper some years ago (7'ransac- 
tions, vol. xiii., p. 351). But there is, however, another unit upon 
which we can all agree, which is the unit of evaporation, or the’ 
heat required to evaporate a pound of water from and at 212 
degrees. This is 965.7 times the value of the heat unit by the 
old definition-—that is, the heat required to raise one pound of 
water one degree Fahrenheit at the temperature of maximum 
- density, or from 39 to 40. The value of the unit of evaporation 
is a “constant of nature” which does not depend upon the 
definition of the heat-unit. 

In regard to the guarantees to be made on a complete electrical 
plant, since the testing of the plant includes three separate 
tests—viz.: that of the boiler, that of the engine, and that of the 
dynamo—I think that three separate guarantees should be given, 
each to be expressed in the usual commercial manner. The 
economical performance of the boiler should be guaranteed in 
terms of pounds of water evaporated from and at 212 degrees per 
pound combustible, the quality of the coal or its heating value 
being known, or it may be stated in terms of efficiency, or the 
quotient of the heat utilized by the boiler per pound of com- 


| 
| 
a) 
| 
a 
| 
] 
i 
| 
| 
4 
i, 


‘ON RATING ELECTRIC POWER PLANTS. 735 
bustible divided by the heating value of ane pound of com- 
bustible. The guarantee of the engine should be given in 
pounds of steam used per indicated horse-power per hour. 
That of the dynamo, if coupled direct to the engine, should be 
stated in efficiency, or the quotient of the electrical horse-power 
delivered divided by the indicated horse-power of the engine. 
For scientific comparisons these several efficiencies may be con- 
verted into terms of heat-units, but I do not think the heat-unit 
standard is desirable in commercial guarantees. 

Proj. William S. Aldrich.*—The extent and limitations of the 
heat-unit basis have been well stated by Mr. Porter in saying 
that the engine is to be debited with the heat supplied to it 
and to the pumps, etc., on its account, and to be credited with 
the heat converted into work. While this was outlined in Sec- 
tion 7, it is of sufficient importance to require a separate 
paper. As in the case of pumping plants, the contractor for 
the engine “should be permitted to specify, if he desires, the 
kind of feeding apparatus which shall be used during the test,” 
and we might add the kind and type of condensing apparatus to 
be likewise used. Mr. Kent believes that the heat-unit standard 
may be all right, “if the author had said that the engine and 
dynamo part of the plant should be guaranteed on this basis.” 

The boiler performance may be included, if so desired, but 
the present inherent difficulties of the case are well stated by 
Professor Randolph. Builders and contractors will probably 
have much to say regarding this. So far boiler-makers prefer 
separate contracts and tests. 

It is not quite clear why these separate contracts and tests 
should be made. Why should the performance of the engine 
and dynamo be separated when Mr. Kent proposes to have the 
’ dynamo guaranteed in terms of an efficiency based on the indi- 
cated horse-power of the engine? Is it desirable to so involve 
the performance of the engine when defining the efficiency of 
the dynamo? No doubt, the two should be jointly considered 
in contracts and tests, but we question the expediency of such 
an efficiency basis for the dynamo, Again, why should the 
indicated horse-power of the engine be involved at all in a 
quantitative manner? It is certainly eliminated in contracting 
and testing for the combined economic performance of engine 
and dynamo, whether rating such as proposed by Mr. Kent or 


* Author’s closure, under the Rules. 
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as noted in the paper. To make a contract and a test from the 
electrical output of dynamo to the indicated horse-power of 
engine, thence from the latter to the pounds of steam per indi- 
cated horse-power per hour, introduces the entirely unneces- 
sary intermediate stage or step of the indicated horse-power of 


engine. Feed-water measurements per hour as to quantity and 


temperature will give the quantity of heat required to raise all 
of the feed-water from its temperature to that of the steam at 
the boiler pressure, and the kilowatts per hour at specified and 
maintained uniform loads on the dynamo will give the electrical 
output. Can anything more be settled by indicator-card measure- 
ments of the horse-power developed by the engine while tested ? 
Sources of error are at once introduced, in instruments for 
speed and indicator measurements as well as in calculations 
therefrom, whenever the indicated horse-power is brought into 


evidence ; and all of these are entirely unnecessary for heat-unit 


ratings for the purposes noted in the paper. 

Of course, so long as heat and work are mutually convertible 
the performance of the motive-power machinery of the plant 
might be equally expressed, either as an efficiency ratio or as 
output in work units per input in heat units. Mr. Kent would 
advocate the efficiency ratio for the engine and dynamo equip- 
ment; but it is certain that the duty in foot-pounds (or other 
work units) per. 1,000,000 heat-units supplied has recognized 
value in any consideration of economic performance. 

The amount of heat required to raise one pound of water one 
degree at any given temperature is no doubt a perfectly definite 
quantity, but it certainly cannot be definitely determined with 
equal precision at any and every point of the thermometric 
scale. This amount of heat, when once determined, may be 
conveniently expressed in units of energy, and the theoretical 
C. G. S. unit of heat is one erg. According to the very latest 
and last determinations, the amount of heat required to raise a 
mass of water of one gramme from 9.5 degrees to 10.5 degrees of 
the scale of the hydrogen thermometer is equal to 42,000,000 
ergs, or 4.2 joules or a “calory.” The whole question is that of 
determining the quantity of heat required, and not of the kind 
of the units to be used. It would really seem best to determine 
the amount of heat required to raise a given mass of water one 
degree at such a temperature as that at which it is entirely 
possible to determine its equivalent in energy units. 
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CURRENT PRACTICE IN ENGINE PROPORTIONS. 


BY JOHN H. BARR, ITHACA, N. Y. 


(Member of the Society.) 


In conjunction with Messrs. F. F. Gaines and H. E. Williams, 
the writer presented a paper at a former meeting of the Society, 
(December, 1895), entitled the “ Proportions of High-Speed En- 
gines.” | The earlier paper explained our method of comparing 
practice and deriving general coefficients for use in formulas, 
but it gave only a few of these constants by way of illustration. 

Since the presentation of the former paper a similar investi- 
gation has been made upon “low-speed” engine proportions, 
~ mainly of the Corliss type ; and the original data, with some ad- 
ditions, have recently been revised. 

The principal results are now presented, with several of the 
diagrams which {it was thought might be of the most interest. 

No elaborate argument in justification of the use of formulas 
for the purpose of designing will be offered in connection with 
this paper. The writer is well aware of the prejudice against 
such instruments in certain quarters, and he has himself the 
most profound respect for that sound engineering judgment 
which often properly outweighs computations. In explanation 
of the predominating idea underlying this work, a quotation is 
made from the introduction of the paper referred to above : 

“Tt occurred to the writer, some two or three years ago, that 
it might be possible to derive formulas which would express, 
more or less closely, the general conclusions arrived at as the 
result of experience in engine construction. These formulas 
are necessarily empirical in the sense that they are adjusted to 
agree with observations ; but they should be, whenever possible, 
rational in form. That is, the variables should enter the formu- 
las as they would enter purely analytical formulas; while the 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
+ Transactions A. 8. M. E., vol. xvii., p. 117, No. 670. 
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constants would be derived from practice, and not from assumed 
working strength, bearing pressures, etc. In other words, the 
engine in actual operation takes the place of the laboratory test- 
ing machine in supplying data for design. 
“The advantages of using expressions of the rational form, 
-rather than purely empirical formulas, are: first, that working 
stresses, factors of safety, etc., can be deduced from their con- 
stants, and that these constants can be intelligently modified to 
meet new conditions ; second, that they can be applied with 
greater safety somewhat beyond the range of data from which 
they are obtained.” 

- The original computations on high-speed engines were made 
by Messrs. Gaines and Williams in the preparation of their 
graduating thesis in 1895. The work on low-speed engines 
was done by Messrs. L. J. Gray and W. S. Goll, and was pre- 
sented by them as a thesis upon graduation from Sibley College, 
Cornell University, in 1896. Mr. T. A. Bennett of the present 
senior class, in the same institution, has assisted in putting the 
data into the shape which they now assume. The writer desires | 

_to acknowledge his obligations to these gentlemen for their 
painstaking efforts, and to express especially his great appre- 
ciation of the liberality with which many prominent engine- 
builders responded to the request for data. 


METHOD OF PROCEDURE. 


A printed form with spaces for insertion of over fifty items 
relating to the proportions of parts of engines was prepared 
- and sent to various leading engine-builders, many of whom 
filled in the required data relating to from three to sixteen dif- 
ferent sizes of engines. The entire collection of material covers, 
more or less completely, nearly 200 engines, ranging from 20 to 
725 horse-power. The information thus obtained was classified 
for comparison. Thus, for example, in dealing with crank-pin 
and main journal dimensions, the centre-crank engines cannot 
be properly compared with side-crank engines, while the pis- 
ton rods of such engines may be classed together, at least if the 
rotative speeds are not too widely divergent. 

The following notation is used throughout this paper : 

D = diameter of piston; A = area of piston; L = length of 
stroke ; S = steam pressure, taken at 100 pounds per square 
inch above exhaust, as a standard pressure; H.-P. = rated 
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horse-power ; N = revolutions per minute; C = a constant. 
All dimensions in inches, unless stated to the contrary. Other 
notation is explained as used. 

The general method employed in deriving the various expres- 
sions may be illustrated by reference to that used for the di- 
ameter of the crank shaft at the main bearings. (See Fig. 235.) 

(rank Shaft.—d = diameter of shaft. The formula for the 
diameter of a shaft which is subjected to torsion is 

d = H.-P. +N, if the moment of torsion is constant. 

Crank shafts are subject to variable combined bending and 
twisting moments ; but these moments, when their magnitude 
and variation are known, can be reduced to an equivalent twist- 
ing moment; hence an expression of the above form applies to 
the case in hand, if the ratios between bending to twisting mo- 
ments and between maximum and mean moments are constant. 
These ratios should not affect the form of the above expression, 
but only the value of the numerical coefficient. In the engines 
examined, there is a general agreement as to the above ratios of 
moments among the engines of the same class. Of course this 
agreement is by no means mathematically exact ; but the con- 
stants given in this paper are only intended to show the general 
trend of practice, and the diagrams exhibit the uniformity, or 
lack of uniformity, among the various builders as to certain 
proportions. ; 

From the data at hand, points were plotted on cross-section 
paper with given values of d as ordinates, and the corresponding 
values of 4/H.-P. + Nas abscissas. Points located in this way 
are indicated by small circles in Fig. 235, and if two points, de- 
rived from different engines, coincide, a double circle is used. 
All points obtained from the engines of one maker are connected 
by a conventional line. The broken character of some of the 
lines representing the dimensions of a single builder may be 
accounted for in part by the use of common fractions of an 
inch and by the frequent practice of using the same frame, 
crank shaft, etc., with different cylinders. 

The heavy full line is drawn to represent the average of the 
observations, and lines are also drawn to embrace the extreme 
points. From the equations of these lines formulas are derived 
which represent the average and extremes of practice, as shown 
by the engines examined. The three formulas thus obtained 
differ only in the values of the constants. 
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The following results are derived from about eighty separate 
engines classed as high-speed engines, and about eighty-five 
engines classed as low-speed engines. Those in the former 
class range from 20 to 240 horse-power, and they represent the 
practice of thirteen different builders. Those in the second 
class range from 45 to 740 horse-power, and they represent 
twelve different builders. Some of the data received could not, 
for various reasons, be used to advantage in our work. In some 
instances the number.of engines considered was necessarily less 
than the above, but very few of the following coefficients are 
derived from less than fifty separate engines. 

All of the engines from which these coefficients were derived 
are commercial forms which have been subjected to years of 
service; therefore it is probable that dimensions somewhat 
smaller than those corresponding to the mean values of the 
' various constants would secure reasonable safety under ordi- 
nary conditions. Commercial or engineering advantages may 
warrant the use of larger members in many cases. 

The data used are all from simple engines, but it is believed 
that many of the results may be applied to compound engines 
by modifying them to comply with well-known relations. 


THE CYLINDER. 


Data on thickness of cylinder walls (shell), flanges, cylinder 
heads, and cylinder head bolts were obtained only for the 
engines classed as low-speed.* 

Thickness of Walls (Fig. 228).—The shell of the cylinder must 
have sufficient thickness to resist the maximum bursting action 
and to avoid objectionable deformation, even after the cylinder 
has been rebored one or more times; and in small cylinders, 
for moderate pressures, the thickness necessary. to insure good 
castings may be the prime requirement. Such considerations 
have led to the proposal of empirical formulas in which the 
steam pressure does not appear. While the use of this class of 
formulas is not in strict accord with a leading idea of the work 
here described, it has seemed well to adopt such an expression 
in this instance. 


* Engines classed as “low-speed” are Corliss or other long-stroke engines 
usually making not more than 100 or 125 revolutions per minute. Those classed 
as ‘‘ high-speed ” engines have, generally, a stroke of from one to one and a half 
diameters, with a prevailing rotative speed of 200 to 300 revolutions per minute. 
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The general form of the expression that is very often 
employed : 


t=CD + B, 
in which ¢ = the thickness of the shell in inches, D = the diam- 


Fia. 228. 
THICKNESS OF 
CYLINDER WALLS 
LOW SPEED ENGINES. 
x=dia.of Piston; y=thickness of Walls 


“Bare"? 4 8 12 16 20 24 28 32 


eter of the piston in inches, and ( and PB are the constants. 
From the engines specified above (see Fig. 228) it is found that 
C varies from .04 to .06, and that B = .3 inch. 
The general practice is expressed approximately by 
t= 05D + .3 inch. 
48 
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It seems not unreasonable to look upon the added constant 
of 0.3 inch, found above, as an allowance for reboring, etc., and 
the coefficient C’ as one which should vary with the steam pres- 
sure. The engines considered in deriving the values given are 
all rated on from 80 to 100 pounds pressure ; hence, in using 
’ this formula for higher pressures it would seem advisable to 
increase the value of ( proportionally. Looked at from this 
standpoint, the above formula becomes a rational one. 

Flanges and Cylinder Tleads.—The flanges and the cylinder 
heads usually have the same general thickness. This is found to 
vary from 1.0 to 1.5 times the thickness of the shell, the mean 
value being about 1.2 times the thickness of the cylinder wall. 

Cylinder [lead Studs.—There is no general agreement as to the 
number of studs nor their diameters. In the above-specified 
low-speed engines none have studs less than } inch or more 
than 13 inches diameter. The least number of bolts is 8 for a 
cylinder 10 inches diameter, and the greatest number is 32 for 
a cylinder 24 inches diameter. 

A large number of small bolts, as against a small number of 
large bolts, tends to secure tightness of the joint; but the 
smaller bolts are subjected to greater stress in screwing up. 
It may be mentioned in this connection that experiments, made 
under the direction of the writer, show that the stress at the 
bottom of the thread, due to screwing up a bolt, may equal or 
exceed — pounds per square inch, in which d = the nomi- 
nal diameter of the bolt. 

The average number of bolts used in each head of the above 
engines is given approximately by 

as 7D, 
in which » = number of bolts, and D = diameter of piston in 
inches. Of course the number given by this rule would usually 
be modified to secure an even number. 
The general practice as to diameter of studs is represented 


nearly by 


d = 7 + 9 inch, 


d being the nominal diameter of the studs. 


t 
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PORTS AND PIPES. 
Areas of Ports and Pipes.— 
Area of port (or pipe) = a, in square inches. 
Area of piston = A, in square inches. 
Mean piston speed = JV, in feet per minute. 


The relation of port area (or pipe area) to area of piston and 
mean piston velocity is expressed by 
in which C is the mean velocity of steam through the port, or 
pipe, in feet per minute. 


Ports—High-Speed Engines. —(The same ports used for denn 
and exhaust.) 


For the general practice it is domed that 
Mean value of C = 5,500. 
Maximum value of C = 6,500. 
Minimum value of C = 4,500. 

As the piston speed is quite constant for a large number of 
these engines (about 600 feet per minute), the area of port may 
be conveniently expressed by 

a= KA, 
in which J is as follows for the general practice : 
Mean value of A = .11. 
Maximum value of K = .13. 
Minimum value of A = .09. 


Area of Steam Ports—Low-Speed Engines.—(Separate ports 
for exhaust.) 


For these engines it is found that the general practice is 
represented by 
Mean value of C= 6,800. 
Maximum value of C= 9,000. 
Minimum value of C = 5,000. 


In the relation «a = KA, K varies for the general practice 
with these engines as follows : 


Mean value of A = .09. 
Maximum value of A = .10. 
Minimum value of K = .08. 
Exhaust Ports—Low-Speed Engines.—With the same forms of 


expressions as above, designating area of the exhaust port by 
4, it is found that 
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Mean value of CU = 5,500. 
Maximum value of C = 7,000. 
Minimum value of C= 4,000. 


Mean value of K = .11 = 4. 
Maximum value of K = .125=4. 
Minimum value of K = .10 = ;. 


Steam Pipes— High-Speed Engines.—In the expression a = — 


Mean value of C = 6,500. 
Maximum value of C = 7,000. 
Minimum value of C = 5,800. 
As the piston speed is approximately the same in many of the 
cases, it is convenient to use the relation 
d= KD, 
It is found that 
Mean value of A = .30. 
Maximum value of K = .382. 
_ Minimum value of K = .29. 
Steam Pipes—Low-Speed Engines.—With these engines it is 
found that 
Mean value of C = 6,000. 
Maximum value of C = 8,000. 
Minimum value of C = 5,000. 


Mean value of A = .82. 
Maximum value of K = .35. 
Minimum value of AK = .27. 
Exhaust Pipes— High-Speed Engines.— 
Mean value of C = 4,400. 
Maximum value of C = 5,500. 
Minimum value of C = 2,500. 


Mean value of A = .37. 
Maximum value of K = .50. 
Minimum value of K = .33. 
Exhaust Pipes—Low-Speed Engines.— 
Mean value of C = 3,800. 
Maximum value of C = 4,700. 
Minimum value of C = 2,800. 


Mean value of K = .40. 
Maximum value of K = .45. 
Minimum value of K = .35. 
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FACE OF PISTONS. . 


It is not to be expected that any very general agreement will 
be found in the practice of various builders as to the face, or 
width, of pistons. 

* The following expression, in which F' = face of piston, was 
' employed to express the relation of face of piston to diameter 
of piston : 

: F= CD. 
High-Speed Engines.— 
Mean value of = .46. 
Maximum value of C = .60. 
Minimum value of C = .30. 
Low-Speed Engines.— 
Mean value of ( = .32. 
Maximum value of C = .45. 
Minimum value of C = .25. 
No data were obtained on the thickness of piston walls. 


PISTON RODS. 


There are several methods of treating this member analyti- 
cally, any of which might be taken as the basis of a formula in 
deriving constants by the general method used in this investi- 
gation. 

It has seemed best to treat it as a long strut, to be designed for 
rigidity, inasmuch as any considerable buckling or flexure of the 
rod would induce objectionable friction and wear at the stuffing 
box, or possibly cramping of the piston. The Euler formula 
has been followed. It has the form 


El 

in which # = the modulus of elasticity ; 7 = moment of inertia 
for the section; Z, =the length of the strut; and P =the 
greatest load consistent with stability. The value of the con- 
stant K depends upon the end conditions ; that is, upon whether 
the ends of the strut are “fixed” or pivoted, free or guided. 
The piston rod is considered as coming under the case in which 
the strut is fixed at one end and Free at the other. It may be 


P =a P= 


* Only horizontal engines are included in deriving the following coefficients, 
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urged that the guides constrain the outer end ; but many forms 
of guides are poorly adapted to exert constraint against lateral 
flexure, and it is better to provide the slight increase of diame- 
ter required to avoid such side pressure on the guides. In this 
case 


P= cD; I= Pe I, (in plotting) is taken equal to 


length of stroke Z. Of course the free length of a piston 
rod is always somewhat greater than the length of stroke ; but 
their ratio is not very different in most engines of a similar 
class ; hence we may use / for Z,, with proper modification of 
the constant involved in the formula. 

General practice will be assumed to show that the free length 
of piston rod Z,=1.2Z for high-speed engines, or that L’, 
= 1427’; and that Z,=1.1 Z for low-speed engines, or LZ,’ = 
1.27’. 

Assuming S as a standard steam pressure of 100 pounds per 
square inch, and that H = 30,000,000, the Euler expression 
takes the form for high-speed engines (with Z, = 1.4L’): 

xD x 30,000,000 zd* 


= "30,000,008 
therefore d =.074 VDL 
In a similar way for the low-speed engines : 
d= .071VDL (taking Z? = 1.27’). 


Both of these expressions are for a factor of safety of unity. 
The general form for each of these expressions is 


d= OVDL’ 


ad’ 


The actual data for the two classes of engines are treated as 
follows : 


The diameter of rod for a given engine is plotted as an 
ordinate, and the value of V DZ, for the same engine, is plotted 
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as an abscissa, and so on for each engine of which the data are 
available. A curve (straight line in this and many other cases) 
is drawn to represent the mean of all such points; also lines 
to include the extreme points, unless a few of these are found © 
to be much out of the general range. (See Fig. 229.) The equa. 
tions of these three lines give the mean, maximum, and minimum 
values of the coefficient C for the practice represented by the 
engines examined. 


Fia. 229. 
DIAMETER OF 
PISTON ROD 
a HIGH SPEED ENGINES. 
w= NDL; Y = Diameter of Rod 
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“Barr? 


Piston Rods of High-Speed Engines (Fig. 229)— 
Mean value of C = .145. 
Maximum value of C = .175. 

Minimum value of C = .12. 


It will be seen that this mean value of C will give a diameter 
of rod greater than that required with a factor of safety of unity 
in the ratio of .145 to .074, or of 2 to 1 (nearly). As the 
strength of the long strut varies as the fourth power of the 
.145\* 
074 


diameter, the factor of safety is ( = 16. 
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Piston Rods of Low-Speed Engines (Fig. —_ 
Mean value of C = .11. 
Maximum value of C = .13. 
Minimum value of C = .10. 
The diameter given by this mean value of ( is to the diameter 


15 


230. 
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DIAMETER ofr PISTON ROD 
WMA LOW SPEED ENGINES. 
Diameter of Rod; Y=\DL 
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with factor of safety of unity as .11 to .07, or as 1.57 to 1. 
4 
This corresponds to a factor of safety of () = 6. 

While the conditions under which a high-speed engine oper- 
ates may make a higher factor of safety proper with this type, 
it may be questioned whether so great a difference is really 
necessary. Two elements, not yet mentioned, should be con- 
sidered in this connection, however. The body of the rod should 
be not only stiff enough as a long strut, but the ends, where 
they are reduced by screw threads or key-ways, must have a 
‘section sufficient for the direct stress (tension and compression). 
The area of these reduced sections should be about the same 
for engines of the same diameter (with similar materials and 
steam pressure), regardless of the length of stroke; hence 
the diameter of body of the rod which provides the required 
reduced area will give a greater margin with the shorter 
strokes. Furthermore : 

Since the strength of the long strut increases as the fourth 
power of the diameter, it requires an increase of diameter of 
less than 20 per cent. to double the factor of safety; therefore 
the tendency to provide somewhat greater dimensions with 
high-speed engines than are common in low-speed engines of 
similar diameter of piston may easily lead to an excessive 


increase in the factor of safety in such a member as the piston 
rod. 


CONNECTING RODS. 


These are treated, like the piston rods, as long struts, except 
that the constants are different, owing to the end conditions. 
The connecting rod is “ pin ended,” or round ended, as regards 
buckling in the plane of its motion, while it is to be treated as 
“square ended” against lateral deflection. Rods of circular 
cross section need only be considered with reference to the 
plane in which they are most liable to buckle ; viz., in the plane 
of their motion. Rods of rectangular section (or of approxi- 
mately rectangular section) are liable to buckle in either plane, 
depending upon the relation of the height, 1, to the breadth 
(thickness), 5, of the section. 
The Euler formula for a pin-ended strut is 


EI 
P=n L?’ 


“tes 
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and for a square-ended strut it is 


P= 40 
in which 7 is the greatest load consistent with stability ; FV is 
the modulus of elasticity ; 7 is the moment of inertia of the 
mid-section ; and Z, is the length of the struts. 


Fic, 231. 
THICKNESS OF 


CONNECTING ROD 
(MID-SECTION) 
HIGH SPEED ENGINES. 


w=\DLi ¥=Thickness (breadth). 


°° 2 4 8 10 12 14 16 18 2 2 BM 26 BW 30 38 34 36 38 40 
“Barr” 
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Connecting Rods of High-Speed Engines (Fig. 231).—(Rectangu- 
lar sections only.) 

Connecting rods generally six cranks long. 

It can be shown from the above expressions that a rectangular 
strut with end conditions as in connecting rods, under static 
load, should have a cross section such that the dimension in 
the plane of the pin axes is one-half of the dimension perpen- 
dicular to this plane, or h = 2b. In engine connecting rods, the 
value of h is considerably greater than 2). This excess of / 
over 2b may be considered as an allowance for the inertia 
action (centrifugal throw) on the rod; that is, we may consider 
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the strength of the rod against the thrust as determined by the 
breadth } and a height 2b. Then, for lateral flexure, 


_l,, 
x 2b = 


2 2 6 
With a load P = Ps (in which S is taken at 100 pounds 
per square inch), a factor of safety of unity, and / = 30,000,000 : 
4 
x 100 = 4? x 30,000,000. x 
Therefore = .025V 
Adopting the expression 
b= 
for the connecting rods, plotting ) and DZ, of each engine 
as coordinates, and drawing lines to represent the mean, 
maximum, and minimum of the general practice, the following 
values of C are obtained : 
Mean value of C = .057. 
Maximum value of ( = .07. 
Minimum value of ( = .045. 
This mean value of ( indicates a factor of safety of (: =) = 27, 
A comparison of the height, 4, and breadth, b, at mid-section 
of the above rods shows that in the relation 1 = Kd, 
Mean value of A = 2.7. 
Maximum value of A = 4.0. 
Minimum value of A = 2.2. 
Connecting Rods of Low-Speed Engines (Fig. 232).—(Circular 
sections only.) 
Connecting rods generally five and a half cranks long. 
For flexure in the plane of motion 
4 
Ps = DP x 100 = 2? x 30,000,000 x Ee 
Therefore d = .048./ DZ, (for factor of safety of unity). 
Using the general expression 
d= CVDL, 
plotting d and DL, DL, as the coérdinates, and drawing mean and 
extreme lines as before : 
Mean value of C = .092. 
Maximum value of ( = .105. 
Minimum value of C = .082. 
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This mean value of (’ indicates a factor of safety (neglecting 
the whipping of the rod) of 


(tas) = 


CROSSHEAD SHOES. 


The area of the crosshead shoes which sustain the vertical 


Fic. 232. 
DIAMETER OF 
CONNECTING ROD 
(MID=SECTION) 

LOW SPEED ENGINES. 
w=Diameter of Rod; y=\pL 
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component of the force on the connecting rod is expressed in 
relation to the area of the piston by 


a = CA. 


The maximum pressure per square inch of shoe, p (if the 
steam follows up for half stroke), is nearly equal to SA + 2a, 
in which 7 is the ratio of connecting rod length to the crank. 
Hence, with S = 100 pounds per square inch : 


(nearly). 
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Crosshead Shoes of High-Speed Engines.— 
_ 17 
Mean value of C = .63. 
Maximum value of C = 1.60. 
Minimum value of C= _ .45. 
Mean value of p = 27. 
Maximum value of p = 38. 
Minimum value of p = 10.5. 
Crosshead Shoes of Low-Speed Engines.— 
_ 100 18.5 
Mean value of C' = .46. 
Maximum value of C = .64. 
Minimum value of C = .32. 
Mean value of » = 40. 
Maximum value of p = 58. 
Minimum value of p = 29. 


CROSSHEAD PINS. 


The relation of the projected area of crosshead pin to area of 


piston is 
a = (dl) = CA. 
The ratio of diameter to length of crosshead pin is expressed 
by 27 = Kd. 


Crosshead Pins of High-Speed Engines.— 
Mean value of C = .08. 
Maximum value of C = .11. 
Minimum value of ( = .06. 
Mean value of A = 1.25. 
Maximum value of AK = 2.0. 
Minimum value of A = 1.0. 

Crosshead Pins of Low-Speed Engines.— 
Mean value of C = .0T. 
Maximum value of C = .10. 
Minimum value of ( = .054. 
Mean value of A = 1.3. 

Maximum value of A = 1.5. 

Minimum value of K = 1.0. 


= 
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CRANK PIN. 


The lost work per minute due to friction of a journal may be 
expressed by Pyuzd JN, in which /?= mean pressure on the 
journal; @ = diameter of the journal; N= revolutions per 
minute ; and u = the coefficient of friction. 

The heat resulting from this frictional work is dissipated 
through a surface which is proportional to the projected area 
of the journal (d/), and reason and experience indicate that 
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this projected area should be about proportional to the heat 
so dissipated. 


Therefore 
PyundN _ K 
Therefore 


In an engine, if P = the mean total pressure on piston, 


x 38,000 H.-P. 
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Therefore 


12 x 33,000 x w7H.-P. H.-P. 
2KL 


Upon plotting the data, it was found that the length is 
expressed better by the form 


H.-P 
gat: 
t=C +B 
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(in which B is an added constant) than by the above rational 
form. 
Projected area of crank pin : (d/) = KA. 
Crank Pins of High-Speed Engines (Fig. 233).— 
Mean value of C = .30; B= 38". 
Maximum value of C = .46; of B = 2.5”. 
Minimum value of C = .13 ; of B = 2.5”. 


Mean value of K = .24. 
Maximum value of XK = .44. 
Minimum value of A = .17. 
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Crank Pins of Low-Speed Engines (Fig. 234).— 
Mean value of (= .6; of B = 2”. 
Maximum value of C= .8; of B = 2”. 
Minimum value of C = .4; of B= 2", 


Mean value of AK = .09. 
Maximum value of A = .115. 
Minimum value of AK = .065. 
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CRANK SHAFTS MAIN JOURNALS, 


The method of treating the diameter of the crank shaft at 
main journal was referred to in the introductory portion of this 
paper. The expression used is 


The ratio of length to diameter of main journal is expressed by 
l= Kd. 

The projected area of the main journal is given in terms of 
the piston area by di = MA. 


a-0 
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Main Journals of High-Speed Engines* (Figs. 235, 237).— 
Mean value of C = 7.3. 
Maximum value of (= 8.5. 
Minimum value of (= 6.5. 


Mean value of A = 2.2 
Maximum value of A = 3.0. 
Minimum value of K = 2.0. 
Mean value of M/ = .46. 


Maximum value of J/ = .70. ° 
Minimum value of M@ = .37. 
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Main Journals of Low-Speed Engines t (Fig. 236).— 
Mean value of C = 6.8. 

Maximum value of C = 8.0. 
Minimum value of C = 6.0. 


Mean value of A = 1.9. 
Maximum value of A = 2.1 
Minimum value of A = 1.7. 


* These values are for each of the two journals of centre-crank engines. 
+ One journal only - side-crank engines. 
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. 


Mean ‘value of 1/7 = .56. 
Maximum value of V/ = .64. 
Minimum value of / = .46. 


PISTON SPEED. 


The mean piston speed, or the piston travel in feet per 
minute, is 


3. 8 


Fia. 237. 
PROJECTED AREA OF 
MAIN JOURNAL 
/ HIGH SPEED ENGINES. 
4 & = Area of Piston; 

Wp Y = Projected Area of Journal 
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High-Speed Engines.— 
Mean value of V = 600. 
Maximum value of V = 660. 
Minimum value of V = 530. 


Low-Speed Engines.— 
Mean value of V = 600. 
Maximum value of V = 850. 
Minimum value of V = 500. 
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WEIGHT OF RECIPROCATING PARTS. 


The weight of piston, piston rod, crosshead, and connecting 
rod was obtained. These weights are plotted only for the 
high-speed engines (Fig. 238). 

For engines having similar compression, smoothness of 
running (in passing the dead-points) indicates that the weight 
of reciprocating parts, W, should be proportional to e 
Taking the reciprocating parts as made up of the piston, piston 
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rod, crosshead, and one-half the connecting rod, the diagram of 
Fig. 238 was obtained by plotting the weight of these parts as 


abscissas, and the corresponding values of a as ordinates. 


ia. 
Mean value of C = 1,860,000. 
Maximum value of ( = 2,300,000. 
Minimum value of C = 1,200,000. 
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BELT SURFACE PER I. H.-P. 


The relation of belt width and velocity to the indicated 
horse-power is expressed by S= C (H.-P.), in which S is the 
product of the width of belt in feet multiplied by the velocity of 
the belt in feet per minute. 

* High-Speed Engines.— 
Mean value of (’ = 55. 
Maximum value of C= 70. 
Minimum value of C = 40. 


Low-Speed Engines.— 
Mean value of C = 35. 
Maximum value of (= 42. 
Minimum value of (= 30. 


* It is observed from the diagram plotted for belt surface per I. H.-P., with 
the high-speed engines, that the smaller engines have the greater surface per 
H.-P. This is perhaps owing to the thinner belts used with small engines. As 
a result, the mean line on this diagram does not pass through the origin, and 
the relation of Sto H.-P. is expressed more accurately by S= C H.-P. + B, in 
which B = 1,800 ; and C varies from 21 to 40, the mean value of 0 being about 28, 
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FLYWHEEL. 


Data as to the flywheels were obtained for the high-speed 
engines only (Fig. 239). 


The weight of rim is expressed by 


_CH.-P. 


in which W = weight of the rim in pounds, and ), = diameter 
of the wheel in inches. 


Fic. 240. 
WEIGHT oF ENGINE 
PER HORSE POWER, 
LOW SPEED ENGINES. 
ax = Rated Horse Power 
Y = Weight of Engine 


100 150 


200250 


8350 


Mean value of C = 1,200,000,000,000. 
Maximum value of C = 2,000,000,000,000. 
Minimum value of C = 650,000,000,000. 
The velocity of rim in these engines has a general value of 
about 4,200 feet per minute, or 70 feet per second. 


WEIGHT OF ENGINE PER I. H.-P. 


The weight of engine (including flywheel) per I. H.-P. is. 
W=CH.-P. 
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High-Speed Engines.— 
Mean value of C = 115. 
Maximum value of ( = 135. 
Minimum value of C = 100. 

Low-Speed Engines (Fig. 240).— 
Mean value of (= 175. 
Maximum value of (= 240. 
Minimum value of C = 135. 


DISCUSSION. 


Mr. William Kent.—The paper does not need discussion. It 
is all right. But I would suggest to Professor Barr that he 
might put a little footnote underneath it, and say for the bene- 
fit of future students if what he means by low speed and high 
speed is what we now know by these terms. In a few years 
these terms are likely to be as obsolete as the terms high and 
low pressure and nominal horse-power. What is now called a 
low-speed engine—that is, a long stroke engine—is apt to have a 
much higher piston speed than any so-called high-speed engine — 
that is, a short-stroke engine—although the latter may have a 
higher number of revolutions per minute. 

Mr. Frederick A. Scheffler.--On page 742 I note that the author 
states that the engines considered in deriving the values given 
are all rated on from 80 to 100 pounds pressure. It seems to 
me that in these days, when we are using pressures so much 
higher than 100 pounds, it would have been very desirable to 
give us some direct information in the paper on pressures up 
to 150 pounds, without having to use our own judgment as to 
the value of C or increasing that. 

Prof. W. 8. Aldrich.—As was shown in the former paper * by 
Professor Barr, the length of the crank pin is a feature of en- 
gine design which shows the most erratic guesswork. The dia- 
gram (Fig. 233) introduces us again to something that seems to 
be the very bane of the engine designer’s existence—the deter- 
mination of the length of the crank pin. Now compare this 
diagram with the remarkably uniform distribution of points, for 
all such parts of steam-engine design as are capable of being 
deduced by rational formulz, such as the diameters of the piston 


* Transactions of the A. 8. M. E., vol. xvii., No. 670, on ‘‘The Proportions 
of the High-Speed Engines,” by J. H. Barr. 
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rod in Fig. 229 and of Fig. 230, page 748.. I think an inspection 
merely of the piston-rod lines of Figs. 229 and 230, compared to 
the crank-pin lines of Fig. 233, will show at once that there is 
a wide field here for improvement, investigation, and research 
in the matter of steam-engine design. Many of these propor- 
tions have been handed down by tradition in the designing 
rooms of our engineering establishments. It is well known that, 
whatever may be the result of rationally working out the length 
of the crank pin, nevertheless the sizes used in any establish- 
ment are generally those long adhered to and considered to be 
' satisfactory for that type of engine. 

Another feature of this paper is that of Fig. 238, in which the 
coordinates x and y are decidedly different from those given for 
the same subject in the former paper by Professor Barr; that is 
to say, the former paper above noted shows the average curve 
to be of the nature of an equilateral hyperbola in which x and y 
are the asymptotes of the curve. The value of x in Fig. 238 of 
the present paper is the reciprocal of the value of y of the pre- 
ceding paper in these curves showing the weight of reciprocat- 
ing parts of high-speed engines. I merely call attention to the 
fact that this turning about of ordinates and abscisse and in- 
~ verting of fractions is liable to be confusing, not only to those 
who make an effort to understand the meaning of the curves, 
but as well to those who in the future may wish to make use of 
these diagrams and to be guided by general proportions in en- 
gine design. 

The other feature I would note in passing is that of the 
weight of the flywheel (Fig. 239), diagrams for which were not 
given in the preceding paper. The weight of flywheel is some- 
thing that every engine builder thinks he knows all about, and 
particularly with regard to his own engine; and while the 
rational formula may be employed in any case, still a very large 
margin is thrown in by the builder in order to maintain the 
speed of the engine against excessive and periodic variations. 
It would seem that in this matter of flywheel rim weight there 
is also a wide field for research and investigation, because the 
curves plotted for the average values take all sorts of shapes, 
and there is no decided feature to be noted in common. 

Fig. 240 I consider one of the most interesting conclusions 
brought forward in the present paper in relation to the weight 
of engine per horse-power. The curves show a tendency toward 
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a general uniformity in this direction, and that diagram will, 
no doubt, be very valuable in furnishing data for the installing 
engineer. 

Professor Barr.*—In reply to Mr. Kent, I think it would be 
well to state in the paper, when it is revised, that the terms 
“low speed” and “high speed” refer to rotative speeds ; that 
is, they are used as we commonly understand them to-day. 
However, when these terms have changed their meaning this 
paper will probably have ceased to be of any value. 

The pressure of 100 pounds was taken because this pressure 
is one at which the builders of many of these engines have ~ 
rated them ; it is assumed that all may carry the above pres- 
sure. The engines are all simple engines. No compound 
engines have been considered. I think it is probable that many 
of these constants could be modified to fit the conditions of the 
compound engine by well-known means, and we have computed 
tables of constants, derived from these in what we assume to 
be the proper manner to meet other pressures. For instance, 
in some cases the constants vary directly as the pressure, in 
others as the square root of the pressure, etc. We have tabu- 
lated a large number of these constants for other pressures. I 
did not add these tables to this paper because it is rather long 
as it is, and any designer can readily determine them from the 
formulas given. 

The length of crank pin is something out of which I have 
been unable to get much satisfaction. The diagram has this 
very erratic and straggling appearance, because the diagrams 
were intended to show what we found among the builders, and 
we do not consider it part of our duty to smooth out the dia- 
grams. If this paper is to be in any degree instrumental in 
smoothing out similar diagrams for later practice, I shall be 
well repaid for any trouble I may have incurred in writing it. 

The change in Fig. 238 from the hyperbola to the straight 
line is due to the fact that I have thought of something since I 
wrote the former paper which ought to have occurred to me 
before—viz., that the reciprocal of an equilateral hyperbola is a 
straight line. One of our young men, with my connivance, 
inverted that formula and got an equilateral hyperbola. I have 
been unable to explain to myself why I overlooked it. I found 


* Author’s closure, under the Rules. 
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that it was wrong; at least we obtained -an equally good curve 
in this other way, and I concluded there was no use in continu- 
ing in error for the sake of being consistent. 

The flywheel weight is another matter about which we find 
great differences among the builders, no doubt due to the fact 
that one man thinks that a flywheel rim of a certain weight is 
sufficient for his case, and another man reasons that if he puts 
in a little more cast iron, he can meet the fluctuations without 
having them change the speed so much. We have put down 
what we found, and have tried to exhibit the thing as itis. A 
large number of the diagrams do show quite close agreement. 
The length of the crank pin and the weight of the flywheel are 
two of the most erratic; though, in general, dimensions of bear- 
ing surfaces—that is, elements which are functions of lubri- 
cation—are much less uniform than those which are more 
directly functions of strength. 
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DCCXXXIV.* 


DIAGRAMS FOR RELATIVE STRENGTH OF GEAR 
TEETH. 


BY FORREST R. JONES, MADISON, WIS. 


(Member of the Society.) 


THE following diagrams were constructed with a view to 
facilitating the determining of the sizes and pitches of gears 
which are suitable to withstand a known or assumed pressure 
transmitted to them by an intermeshing gear. Since the con- 
ditions affecting the magnitude of the force which can be safely 
applied to a gear by its mate are so numerous and variable, no 
attempt has been made to take them into account in the dia- 
grams, this being considered a function of the designer. The 
principal quantities thus left out of the diagrams are: speed of 
gear; inaccuracy of alignment and of tooth forms, both tending 
to localize the pressure against the tooth over a small area of 
the working surface ; the presence of foreign substances between - 
the teeth ; liability to shocks ; and the number of teeth in work- 
ing contact. 

. The assumption is made, for convenience of calculation, that 

the pressure is applied to the tooth at its top, uniformly dis- 
tributed across the width of the gear face, and normal to the 
radial plane of the gear which passes through the centre of the 
tooth. The relative values of the force so applied, the pitch, 
and the maximum fibre stress induced, are given in the dia- 
grams. 

At the risk of getting the cart before the horse, the methods 
of. using the diagrams will first be illustrated by a few exam- 
ples, in order to show their purpose; then the method of 
determining the curves, and, briefly, the effect of contact be- 
tween more than one pair of teeth at the same instant, upon the 
values given in the diagrams. 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
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Figs. 241 and 242 are for gears having-a face one inch wide, 
Fig. 241 being for the smaller pitches, from about .25 of an inch 
up to about 2 inches, and Fig. 242 for pitches from 2 inches 
up to a little more than 6 inches. Figs. 241 and 242 can readily. 
be used for gears having any width of face expressed in inches. 

Figs. 243 and 244 are for gears having a face width equal to 
the circular pitch of the teeth, and can be used for gears in 
which the face width bears any given ratio to the circular ‘pitch. 
The same ranges of pitch are covered in Figs. 243 and 244 as 
in Figs. 241 and 242, respectively. 

Let it be required to find the pitch of a gear 18 inches in 
diameter, 4 inches face, working at 4,000 pounds maximum 
stress in the material, to withstand 2,000 pounds pressure at its 
point. This gives a pressure of 2,000 = 4 = 500 pounds per inch 
of width of face. In Fig. 241, on the right-hand scale, marked 
“pounds pressure at tooth point,” find the 500 pound line and 
follow it to its intersection with the 4,000 pound fibre stress 
line ; from this point drop down to the curve marked “18 inches 
diameter,” and thence to the scale on the left of the diagram, 
thus obtaining a reading of 2.25 diametral pitch, or about 1.4 
inches circular pitch. 

Again, suppose a pressure of 4,550 pounds is to act on a gear 
of 8 inches pitch diameter and 7 inches face, the limit of fibre 
stress being 6,000 pounds per square inch. The pressure per” 
inch of width in this case is 4,550 + 7= 650 pounds. By the 
same method as before, following the 650 pounds pressure line 
to its intersection with the 6,000 pounds fibre stress line, and 
thence toward the bottom of the diagram, it is found that the 
vertical line does not cut the 8 inches diameter line, but falls to 
the right of it, the latter terminating at 1.5 diametral pitch, this 
being the greatest pitch which can be used when the number of 
teeth is not less than twelve, which is the lower limit in the 
diagrams. The fact that the vertical and diameter lines do not” 
intersect shows that no gear having twelve teeth or more can be 
designed to fulfil the conditions given. With a fibre stress 
slightly greater than 6,000 pounds per square inch, however, a 
gear of 1.5 diametral pitch will answer. 

It can doubtless be readily seen that if, of the four factors 
—pitch diameter of gear, width of face, pitch, and fibre stress— 


_ three are given, the other can be determined by the aid of the 
diagrams. 
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The change of direction of the fibre stress lines at the 1,000 
pounds pressure line in Fig. 241, and the similar changes in the 
other figures, require no consideration in their use, the break 
in the lines being made simply to give their intersections with 
the pressure lines as much distinctness as possible, and, at the 
same time, to keep the length of the diagram conveniently 
small. It should be noted, however, that a change of pounds 
per inch is thus made necessary on the pressure scale, the 
change occurring at the pressure line where the angle is made 
in the diagonal lines. 

The use of Figs. 243 and 244 for a width of face equal to the 
circular pitch, is the same as the preceding example, except 
that the pressure for a width of face equal to the circular pitch- 
is read on the scale of pressures at tooth point, instead of the 
pressure per inch of width as was done before. Thus, for a 
gear 30 inches in diameter, whose face width is to be three 
times the circular pitch, to work at a fibre stress of 14,000 
pounds per square inch, under a pressure of 90,000 pounds at 
the tooth point, we have 90,000 + 3 = 30,000 pounds pressure 
on a width of face equal to the circular pitch. Following the 
30,000 pounds line from the right-hand side of Fig. 244 to its 
intersection with the 14,000 pounds diagonal line, and thence 
to the 30 inches diameter curve, gives 5.75 inches circular pitch, 
which is something less than .5 diametral pitch. 

The method of determining the necessary data for plotting the 
curves was as follows: The outline of a tooth of .5 diametral 
pitch was carefully developed by the use of a rolling circle 
having a diameter equal to the radius of a 15-toothed gear of the 
same pitch. Points on the curve were located by drawing the 
describing circle on the matted side of a thin sheet of translu- 
cent celluloid, and rolling the circle over the points of fine 
cambric needles as described in the Sibley Journal of Engineering, 
vol. ix, No. 4, this being considered the most accurate as well 
as the most rapid method which could be used on paper. The 
bottom of the curve was then filleted to a radius equal to one- 
sixth of the space between the teeth at the addendum circle, in 
accordance with the method of the Brown & Sharpe Mfg. Co., 
as given in their Practical Treatise on Gearing. This gave a 
curve practically the same as the one used by them. 

After both sides of the tooth were drawn, a section of the 
tooth, for a gear face one inch wide, was taken at what was 
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WIDTH OF GEAR FACE=CIRCULAR PITCH. 
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Diagram showing relation between pressure at tooth point, stress in outer fibre, and 
pitch of a gear tooth. Figures in diagram above ‘‘RACK"’ indicate fibre stress—those 
below, diameter of gear. 

Fie. 243. 

thought to be the part where fracture would occur, the plane of 
the section being normal to the radial plane of the centre of the 
tooth, and the force, normal to the radial plane, necessary to pro- 
duce a certain stress in the outermost fibre, which was taken at 
6,000 pounds per square inch for convenience, calculated by the 
common formula for cantilevers of rectangular cross-section, 
which is 
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in which, for this case, 

P = pressure applied at tooth point. 

¢ = stress in outermost fibre. 

b = width of gear face. 

h= thickness of tooth at section chosen. 

1 = distance from top of tooth to the section. 

Other sections were then taken parallel to the first and at 
a distance from each other of .l of an inch, until a series of 
values of P were obtained having the smaller values at the 
centre of the series. By this means the value of P necessary 
to produce the assumed fibre stress in the weakest section, was 
obtained with considerable accuracy. The result is obtained in 
this way with fully as much accuracy and much more rapidly 
than by drawing the maximum inscribed parabola whose vertex 
is at the top of the tooth and on the radial line through the 
centre of the tooth, and then calculating the strength of a tooth 
of one inch width with the parabolic outline thus obtained, 
which strength is that of the tooth. 

‘ike value of P was determined in the same way as for the 
first gear, for 14 gears of the same pitch and width of face, 
varying from 12 teeth to a rack, the number of teeth being 
selected so as to increase P as nearly as possible by equal in- 
crements from its value for 12 teeth up to that fora rack. By 
plotting the values of P thus obtained, the curve of Fig. 245 was 
determined. The value of P for a rack could not be used in this 
curve, of course, because the number of teeth is infinite. The 
value of P for a rack is not much greater than that for a 300- 
toothed gear, however, being 4,080 pounds for the rack. 

By the aid of this curve and making use of the fact that when 
the number of teeth and the width of a gear remain constant, 
the strength of the teeth varies as the circular pitch, the curves 
of Figs. 241 and 242 were laid out. And by taking into account 
the property that when the number of teeth is constant, and the 
width of face bears a constant ratio to the circular pitch, the 
strength varies as the square of the pitch, the curves of Figs. 
243 and 244 were determined. 

In calculating the maximum fibre stress in the material of the 
gear by equation (1), no account, of course, was taken of the 
shearing stress. By actual calculation this was found to have 
more effect in the rack tooth than any other when introduced 
into the following formula for combined flexure and shear. 
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in which v is the shearing stress per unit area, and ¢ is the 
same as in equation (1). Formula (2) gave a maximum tensile 
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Pounds pressure at tooth point. 


Number of teeth in gear. 


Diagram showing fhe pressure at the point of a single tooth in a gear of % diametral 
(=6.28 inches circular) pitch and 1 inch face, which will produce a fibre stress of 6000 pounds 
per square-inch in the material of the gear. 

245. 


stress less than four per cent. greater than that when flexure 
only was considered, shear being neglected. On account of this 
comparatively small effect, when considered in connection with 
the uncertain elements which enter into any attempt at calcu- 
lating the strength of gear teeth, it was not deemed worth while 
to introduce it into the diagrams. 

The maximum shear, according to the formula for combined 
shear and flexure, 

Maximum shear = Lens. 
is about 54 per cent. of the maximum tension. 

With regard to the effect of the position of the line of contact 
between a pair of engaging gears, it was found by construction 
that, in a pair of perfectly made and aligned gears having 13 
teeth each, at the instant contact changes from one to two pairs 
of teeth, or vice versa, which is the time when the greatest 
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stress is brought upon the material of the tooth, the pressure 
is applied at such a distance outside of the pitch line of the 
tooth subject to the greater bending moment, as to allow an 
increase of pressure of more than 70 per cent. of that which could 
be applied at the top of the tooth. With a greater number of 
teeth in either or both gears, a greater increase is allowable. 
Examples of gear teeth broken in actual service are not read- 
ily found in connection with such data of speed and power trans- 
mitted as are necessary for finding the fibre stress by the dia- 
grams or any other method. The results of tests on cast iron 
gears, given in Brown & Sharpe’s Practical Treatise on Gear- 
ing are given below, together with some added data, namely : 


circular pitch, pitch diameter, speed at pitch circle, and stress 
in outer fibre. 


Observed 
Width | Num- Revo- | Veloc. at | breaking | Stress in 
Diametral oo of ber | San lutions | pitch cir. | pressure | onter fibre. 
pitch. teches face. of Pe tg per Ft. per | at pitch | Pounds per 
* |Inches.| teeth. min. min. circle. inch. 


Pounds. 


10 ‘ 1,060 83,000 
8 3927 1h 72 9 40 94 1,460 29,000 
6 .5236 13; 72 12 27 85 2,220 24,000 - 
5 1 2,470 500 


The fibre stresses higher than 24,000 pounds given in the 
table were obtained by temporarily constructing diagonal lines 
for higher stresses than given in the diagrams. In determining 
the values of the fibre stresses given in the table, it was assumed 
that the turning force at the pitch line acted at the point of the 
tooth. While this is undoubtedly not true, and gives a fibre 
stress not near the actual amount, it still serves as a guide for 
designing gears of similar dimensions. If it is possible to 
obtain similar data for larger gears of cast iron, an idea of the 
working strength for the range of pitch covered can be obtained. 
For steel and other strong metals, the fibre stress would, of 
course, be taken much higher. 

The diagrams are presented with the hope that they may be- 
of some service. There is no desire on the part of the writer 
to discuss how near or how far away from the truth the assump- 
tions made for determining them may be, for the values and 
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conditions assumed are introduced into the diagrams so that 
they can readily be modified to suit the designer. 


DISCUSSION. 


Prof. John H. Barr.—Mr. Wilfred Lewis, member of the _ 
Society, published a formula in 1893 which is believed to have 
been the first to consider the influence of the number of teeth in 
a gear upon the strength of the teeth.* Mr. Henry Hess recently 
gave, in the American Machinist, a diagram based upon the 
Lewis formula, and he, like Mr. Lewis, makes the load per tooth 
depend upon the face of the gear, the fibre stress, the pitch, 
and the number of teeth. For most cases in design it would 
appear preferable that the dcameter of the gear enter the expres- 
sion, or diagram, in place of either the pitch or the number of 
teeth. 

While engaged in an attempt to put the results of Mr. Lewis’s 
investigation in such form that the diameter of the gear would 
appear instead of the number of teeth, the paper of Professor 
Jones, which embodies this feature, was received. It seemed 
appropriate to submit a brief statement of some of the results 
of my examination of the subject as a discussion on the present 
paper. 

In the first place, Fig. 245 of Professor Jones’s paper was 
replotted to a natural scale, when it was observed that the 
curve became an equilateral hyperbola (or at least a close ap- 
proximation to one). From the equation of this hyperbola Mr. 
Jones’s results can be put into a form similar to the one given 
by Mr. Lewis, except as to the value of the constants. Let 
W = the load per tooth in pounds; ( = the circular pitch in 
inches; J’ = the face of the gear in inches ; S = the fibre stress 
in pounds per square inch ; N= the number of teeth in the gear. 


Then W= CFS (0.124 according to Lewis ; 


and W= CFS (0.106 -- T) according to Jones. 

The latter is probably not exact, as it is derived from Fig. 245 
of the present paper, the scale of which is too small for great 
accuracy. To compare these two expressions let 

' W = CFSX’ for Mr. Lewis’s work ; 


W = CFSX" for Mr. Jones’s work. 
* Proceedings Engineers’ Club of Philadelphia, vol, x., No. 1, January, 1893. 
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The following table shows the values of X’ and X” for several 
numbers of teeth, and the comparative strengths of the corre- 
sponding gears as given by the respective expressions. 


X’ (Lewis). X” (JONES). DIFFERENCE. 


The accompanying diagram (Fig. 246) is one which has been 
derived from the Lewis formula by substituting (=) for the 


N of the original expression. The pitch curves are drawn for 


“Seale C’’ Load per Inch of Face 
10000 9000 8000 7000 6000 5000 4000 3000 2000 1000 
6000 


5000 ~ 3" 

34" 

— - 2 

1000+ t SS 
0 10" 20" 20" 40" 50” 60" 70" 80” 90" 100" 
“Scale A” Diameter of Gear 
Bae DIAGRAM FOR GEAR TOOTH DESIGN. 


Fig. 246. 


some one stress, as 6,000 in the diagram shown; ordinat>s are 
loads per inch of tooth face; abscissas give diameters of the 
gears. To provide readily for the use of this diagram with 
stresses other than 6,000, the stress diagonals (radiating from 
the lower right-hand corner) are drawn, and the load scale is 
reproduced on the upper horizontal line. The use of the dia- 


10 0.0352 0.0382 8 per ct. q 
12 0.0500 0.0495 Whe q 
15 0.0648 0.0608 
20 0.0796 0.0721 a 
30 0.0944 0.0834 
60 0.1092 0.0947 
100 0.1152 0.0992 
Rack 0.124 0.106 = * = 
4 
q 
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gram is illustrated by this problem : A gear of 40 inches diameter 
is to sustain a load of 2,500 per inch of face with a stress of 8,000 
pounds per square inch. Take 2,500 on Scale C, drop vertically 
to the diagonal marked S = 8,000; then pass horizontally to 
the vertical through the point marked 40 inches on Scale 4 ; this 
last intersection shows that the pitch should be nearly 3 inches. 
The gears should then have 42 teeth to meet the requirements 
given. 

The diagram indicates that for gears less 
than 15 inches in diameter a tooth of 4 
inches pitch is weaker than one of 3 inches 
pitch ; this is, of course, owing to the larger 
number of teeth, and consequently stronger 
form of teeth, with the smaller pitch. Fig. 
247 shows a similar condition for two teeth 
drawn upon a pitch circle which gives radial | 

Fia. 247. flanks for the smaller pitch, and converg- 
ing (under-cut) flanks for the larger pitch. 

The Lewis expression may be reduced to the following form, 
which is convenient for designing gears when the pitch diameter 
isfixed. C=(0.22— 4/ (0.04 7 D, in which W’ is the 
load per inch of face per tooth, D is the pitch diameter, and S 
is the stress, and Cis the circular pitch, as before. 

An easily remembered relation, deduced from Mr. Lewis’s 
investigation, is as follows: The load per tooth on a 36-tooth gear 
(strictly, 37 teeth) equals one-tenth the face in inches multiplied by 
the stress in pounds per square inch and the circular pitch in inches. 
A 12-tooth pinion will carry one-half, and a rack will carry one 
and one-fourth the above load. Or, reducing the number of 
teeth to about one-third of 36 reduces the load by one-half, 
while increasing the number of teeth to infinity increases the 
strength by one-fourth. 

A somewhat curious relation is noticed from inspection of 
the diagram (Fig. 246), viz.: that there is a common tangent, 
through the origin, to all of the pitch curves, and its point of 
tangency with any of the curves corresponds to the diameter 
which gives radial flanks for the pitch represented by such 
curve. This relation is verified by analysis. 

Mr. Wilfred Lewis—The paper under discussion presents the 
problem of determining the pitch of a gear wheel when the diam- 


. 
| 
. 
i 
\ 
i 
i 
| 
q 
i] 
if 
q 
| 
q 
1 
q 
q 
q 
q 


DIAGRAMS FOR RELATIVE STRENGTH OF GEAR TEETH. 779 


eter, the face, the working load, and the working stress are given 
or assumed, thus reversing the common order of procedure to find 
the strength from the pitch, the face, the number of teeth, and 
the working stress. 

It is no doubt true that the pitch for a given load may be re- 

quired in practice as often as the load for a given pitch, and it 
must be admitted that the diagrams presented give a direct solu- 
tion for the pitch from the assumed conditions where previous 
methods have been more or less tentative. But the number of 
teeth, being at first unknown and dependent upon the pitch, may 
be such as to require a revision of the case, or the assumed face 
may result in a pitch difficult to realize, or inconvenient for the 
ratio of gearing desired. Thus, while these diagrams form a 
valuable addition to the general treatment of the gear problem, 
I think the conditions to be met in practice are so varied that the 
face and diameter cannot often be accepted as hard and fast con- 
ditions upon which the pitch can be surely based. 
_ As the best design is generally the best compromise between 
conflicting conditions, which must be carefully studied, a number 
of possibilities must be considered before making a choice, and in 
determining the available gearing for a given case, the choice of 
method will surely be along the line of least effort. 

Since the publication of my “Investigation of the Strength of 
Gear Teeth” some four years ago, a number of ingenious diagrams 
have appeared, to accomplish the same result with less mental effort. 

Without questioning the advantage of the graphical method 
where it can be directly applied, a multiplicity of intersecting 
lines is obviously confusing and difficult to follow, and I think 
there are cases, like the gear problem in general, where formulas 
and tables are decidedly preferable. This, however, is a matter 
on which a difference of opinion can be easily tolerated, and if 
some prefer to trace the result through a network of lines, while 
others prefer to follow the steps in a simple formula, aided by a 
convenient table, both methods are surely desirable and the choice 
of one or the other will depend upon individual temperament. 

The diagrams in this case are adinirably designed for the 
assumed conditions, and the result is reached by an easy course 
through a comparatively simple network of lines. As the number 
of teeth is implied in the diameter and pitch, the particular phase 
of the gear problem here presented becomes difficult to solve 
directly by a formula, though it may be solved tentatively with 
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rapid convergence by that means, and the graphical method 
employed is certainly well adapted to the conditions imposed. 
If the number of teeth were one of the conditions, as frequently 
happens, however, the diagrams under consideration would lose 
their special significance and the pitch would be found more easily 
by some of the other diagrams, or by the formula and tables at 
first proposed. Considering the number of factors involved in 
the general gear problem and the large number of intersecting 
lines required for its graphical solution, I am disposed to adhere 
in my practice to the formula and tables as being in general quite 
as rapid and less liable to error in actual use. 

The usual problem, to determine the working load from the 
pitch, face, and number of teeth, can be solved with surprising 
rapidity with the aid of a common slide rule and a table of coefti- 
cients, while, with a special slide rule designed for the purpose, 
as described by Mr. F. A. Halsey in his paper, entitled “Some 
Special Forms of Computers,” * read before this Society at its 
meeting in December, 1896, the solution is even more rapid and 
satisfactory. The computer there chosen to illustrate the subject 
happened to be for the “Strength of Gears,” by Mr. Wm. Cox, 
whose skill in designing these labor-saving appliances has been 
demonstrated in various ways and is now well known. By this 
means it is possible to see at a glance all the combinations of 
pitch and face which will give a certain working strength or power, 
the number of teeth being known, and the corresponding coeffi- 
cient being selected from a table. If the diameter is given, as 
assumed in the paper under discussion, and the number of teeth 
is at first unknown, to find the pitch for a given working strength 
and a given face, a trial coefticient—say 1,000—can be joined to 
the working strength, indicating at once the first approximation 
to the required pitch, then using the scales of “ horse-power ” and 
“pressure coefficients” as an ordinary slide rule, the number of 
teeth corresponding to this pitch is quickly seen, from which a 
new coefficient can be selected to indicate a new pitch. The 
method is so rapidly convergent that no closer approximation 
than the second will generally be required; and although the 
process is not so direct as that of the diagram, the result, I think, 
is more satisfactory because no interpolation is required for diam- 
eters not appearing in the diagram. I do not wish by this to 
detract from the credit due Professor Jones for his ingenious 


Transactions A, 8. M. E., vol. xviii., p. 70, No. 702. 
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method of arriving at a direct solution of the problem assumed, 
but simply to point out the possibility of solving the same prob- 
lem by a rapid method which includes more general conditions. 

In the general formula W = CFSX’, as given in Mr. Barr’s dis- 


cussion, acomparison is made between the factor XY’ = (124 


accredited to my investigation, and the factor X”’.= (.106 — 
deduced by Mr. Barr from Professor Jones’s paper, showing a 
difference which, I think, is easily explained by the difference in 
the systems of form considered and by the difference in treatment. 
The value quoted for X’ by Mr. Barr was deduced for a system 
of cycloidal gearing, described by a writer in the American 
Machinist under the style of “ Bell Crank,” where the describing 
circle was half the diameter of a twelve-toothed pinion, and the 
fillets were equal to the clearance at the root of the teeth. The 
fillets used in my original investigation were as large as possible, to 
clear an engaging rack for which I had found .Y"’ = (124 — ena 
and the other value was deduced to show the important effect of 
the fillets upon the strength. 

Professor Jones adopts another describing circle equal to half 
the diameter of a fifteen-toothed pinion, another system of fillets, 
and another supposition in the application of the load. It is al- 
lowable, of course, to assume any system of form and any rational 
standard for fillets, but I think an exceptidn may properly be 
taken to the professor’s assumption that the load is applied tan- 
gentially at the end of a tooth, instead of normal to its face, as it 
actually occurs. I agree that it is not worth while to consider the 
difference between the pitch and the addendum radii in an inves- 
tigation of this kind, but I maintain that the strength of the tooth, 
as affected by the direction of thrust at the end of its face, is a 
matter of considerable importance, shortening as it does the ef- 
fective length of the cantilever and subjecting the whole tooth to. 
a considerable amount of radial compression which outweighs by 
far the influence of shear upon tensile stress which the professor 
considered and abandoned. In my investigation the radial com- 
pression was disregarded as an uncertain element of strength or 
weakness depending upon the relative strength of the material 
used for tension and compression. For cast iron, which is stronger . 
in compression, this radial compression is a decided element of 
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strength, reducing as it does the transverse tensile stress, while 
for steel it might be questioned whether a tooth would yield first 
on the tension or on the compression side. The error, whatever 
it may be, is, however, most probably on the safe side. 

By the difference in the assumed direction of the load applied, 
my results are naturally higher than those of Professor Jones, 
and, as I claim, more accurate. Of course, it does not matter how 
the weakest section of a tooth is determined, whether by succes- 
sive trials as advocated by the professor, or by graphical construc- 
tion, but it is surprising to be told that his results were obtained 
by the former method “with fully as much accuracy and far 
more rapidity than by drawing the maximum inscribed parab- 
ola whose vertex is at the top of the tooth and on a radial 
line through the centre of the tooth, and then calculating the 
strength of a tooth of one-inch thickness with the parabolic 
outline thus obtained, which strength is that of the tooth.” 

I think I may safely claim to be-the first to devise and use a 
method based on the parabolic outline, but I never constructed a 
parabola within the tooth as above described except to illustrate 
the principle in my paper, nor did I ever calculate the strength 
of a tooth from the parabolic outline thus obtained. As described 
in my paper, I simply located the weakest section of the tooth by 
means of a parabolic tangent, and then, by means of two lines at 
right angles, constructed on the tooth itself a length propor- 
tional to its strength. To reduce this to one-inch pitch’ was . 
merely a matter of scale, and there was no calculation about it 
required. The method is certainly more rapid than that used by 
Professor Jones and more accurate, because there is but one thing 
to measure, the factor of strength desired. 

In regard to the number of teeth in gear distributing the load, 
I am quite sure the methods of forming and spacing have not yet 
reached such perfection that it is safe to consider more than one 
tooth in gear. To obtain more than this, a variation in form or 
pitch can only be met by the elasticity of the tooth itself, which is 
a short stiff cantilever almost devoid of spring. Let any one who 
doubts this conclusion calculate the deflection of a tooth as a 
cantilever under its working load, and then consider the possibil- 
ity of construction within the degree of accuracy thus required. 
The steps in a series of equidistant cutters are far more than the 

spring of a tooth can begin to accommodate, and these steps 
' represent the tolerated imperfections in form, to say nothing of 
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the difficulty of perfect spacing. In regard to the merits of short 
and long teeth, it should here be said that short teeth cannot 
belong to the interchangeable class for which your formulas, tables, - 
and diagrams are devised. Teeth for special purposes can be 
made as long or short as the special conditions will permit, but 
for interchangeable gearing, the standard proportions are about 
right, and cannot be departed from without encountering serious 
difficulties in extreme cases, 

Mr. H. H. Suplee.—While, of course, this paper treats of the 
relative strength of gear teeth, I think it must not be overlooked 
that the question of wear enters very largely into the proper 
proportions. In other words, a gear system may be strong 
enough, and yet it may be so proportioned that it will wear out 
very rapidly. I have found myself very often it is advisable to 
make the face wider than is demanded for strength, so as to 
distribute the pressure and keep the wear within reasonable 
limits. Another point: teeth rarely break from the regular 
working stress to which they are subjected. They break from 
shock or from something getting between them, or, in other 
words, from conditions which it is almost impossible to measure 
or predict. I call attention to this point because gears, which 
are carefully proportioned, very often go to pieces, and it is 
therefore advisable to add a very large margin for the condi- 
tions under which they must work. Professor Reuleaux has 
suggested that the question of wear be taken into account, in 
proportioning gear teeth, in the following manner: The product 
of the pressure per inch of face by the number of revolutions 
per minute may be called the coefficient of wear. Thus, if P be 
the total pressure upon a tooth, and } the breadth of face, n 
being the number of revolutions per minute, we have : 

Pn 

coefficient of wear. 
Reuleaux says that, for good results, this coefficient should not 
be greater than 28,000, and, if possible, it should be taken as 
less than this value. When sufficient space is available and a 
low value can be given to this coefficient, it is advisable to do 
so; if this cannot be done, the coefficient which is selected will 
give an indication of the proportional amount of wear which 
may be expected. (See Constructor, p. 146, Am. edition.) 

Mr. Oberlin Smith.—I think Mr. Suplee is right in advocating 
wide faces—that is, for cut gearing. Of course an evil which may 
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arise is springing of the shafts, getting them out of alignment. 
It is not worth while in these days of accurate work to consider 
the shafts being originally set out of line, as they used to be in 
the old days of cast gearing, where there always had to be 
strength enough so that the teeth could drive by one corner, 
especially where they were cast tapered. We now make reason- 
ably true cut gearing, the teeth parallel with each other and in 
the plane of the shaft, and we place our shafts approximately 
in line so that we can afford to make our gear faces very wide ; 
but as a general rule I think they are not made as wide as they 
might be. I have in many cases made them wide to advantage, 
even doubling the usual width sometimes. The chief thing to 
guard against in such a case, where we make a very wide-faced 
wheel, is, of course, to make the shafts strong enough, assuming 
that they are originally placed in line, so that they will not 
spring, and the pressure be brought on one corner. 

Mr. C. W. Hunt.—It may be of interest in connection with this 
paper to give the present practice of the company with which I 
am associated in their use of cast-iron spur gears of compara- 
tively small size, running from about seven inches to seven feet 
in diameter and with teeth having a circular pitch of from one 
to three inches. These gears are used for coal-hoisting engines 
and machinery of a similar character, which generally run in 
situations where it is impossible to have a solid foundation for 
the machinery. The cast iron is a good quality of foundry iron, 

a but no special pains are taken 
to get an extra quality, and it 
' represents iron which can be 


the statement made by Mr. 
Suplee, that the face of a 
gear, beyond a certain width, does not add to its strength; it 
adds to its durability, but not to its strength to resist stress. 
To illustrate this by a practical example, which is typical of 
our experience, take the case of a pair of cast-iron spur gears, 
with twenty-three and seventy-nine teeth, two inches pitch, 
seven inches face, which failed repeatedly under loads which 
we know with substantial accuracy. The engine ran about ten 
days, when a tooth in the pinion broke. The break was along 


Fig. 248. 


obtained at ordinary foun- 
: dries without difficulty. Our 
experience corresponds with 
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the line CDE (Fig. 248), the piece A breaking out. The part 
B of the tooth was left intact. The gear was continued in 
service, but in about ten days after, another tooth on the oppo- 
site side of the pinion broke, the piece breaking out being about 
the same size and form as the first one. The engine continued 
_ inservice but a few days, when the remaining part of the tooth 
marked B in Fig. No. 248 failed. The pinion was taken out and 
a new one of the same material substituted. This ran about 
the same length of time as the first one, when one of the teeth 
failed in the same manner as the previous ones. A few days 
later the part B also failed, when a steel pinion was substituted, 
which stood the service permanently. As all of the breaks 
followed the line CDE in Fig. No. 248, we can assume that 
the equivalent of this fracture fairly represents the width of the 
face which can be depended on for estimating the strength of the 
teeth of spur gears. This line CDL, we estimated, was equiva- 
lent to the strength of a tooth having a face equal to twice the 
pitch. From this test we may assume that, for the purpose of 
calculating the strength of the tooth of cast-iron gears, the width 
of the face should be taken equal to twice the circular pitch. 
The teeth failed with a load of 10,000 pounds on the tooth, 
which brought a fibre stress of 3,800 pounds per square inch on 
the metal at the root of the tooth, assuming in the calculation 
that the tooth was a cantilever with the load on the end. As 
we had five breaks in succession where the load was known 
with reasonable accuracy, we have assumed that 3,800 pounds 


fibre stress represents the breaking strength of a cast-iron gear ~ 


tooth in this kind of service. The teeth of the gear wheel did 
not fail; hence, as the teeth of the pinion are weaker than those 
in the gear wheel, we may omit all consideration of the larger 
gear in computing the strength of the teeth. 

A few years ago Mr. Michael Longridge, of Manchester, Eng- 
land, made prominent the defects of long gear teeth, and recom- 
mended those much shorter than the general practice. This 
was so radical a departure that, while it appealed strongly to 
reason, it was some time before I could decide to recommend a 
change of our proportions and make the short teeth which he 
recommended. In using short teeth it is necessary to make 
the strength of a single tooth sufficient to carry the whole 
load, and abandon the principle of having more than one pair 
of teeth in action at all times. We eventually tried the ex- 
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Two cases usually arise, one where the load is variable but 
maximum load is known, and the other where the working load 
is substantially a constant amount. For the first case a fibre 
strain of 2,500 pounds and for the second a fibre stress of 2,000 
pounds gives excellent results. 

The clearance is necessarily larger than for cuf gears, and is 
larger in small than in large gears, which we consider necessary, 
as gears are not usually absolutely round and also have slight 
irregularities on the points and on the bottom of the teeth, 
which are comparatively greater in small gears than they are in 
larger ones. The most difficult problem was to decide just what 
proportion to use, and here engineers may differ as they give 
one or another factor greater prominence. The formula here 
given has been used for several years with ever-increasing satis- 
faction. In our design we do not use pinions having less than 
twenty teeth. 

The length of the teeth and the clearance are intended to be- 
sufficient to permit a slight variation in the castings arising 
from the difference in the shrinkage of wheels made at different 
times, and also to allow a reasonable amount for the wear of the 
shaft bearings without affecting the ae working of the gears. 

P, circular pitch in inches. 

A, addendum. 

D, dedendum. 

F, face of tooth in inches. 

C, clearance. 

W’, maximum load in pounds. 


A= 2P. W = 1,820 P. 
D=.2P. W’ = 1,650 P. 
C = .05 (P +1). P=2P+1, 


I append a table of the working load in pounds on a cast-iron 
short-tooth spur gear of twenty teeth. The last two figures in 
the result are approximated. 


P: W. P. WwW. Ww’. 
Fitch in inches. load |Maximum load) |Pitch in inches.| Working load |Maximum load 
in Ibs. in Ibs. in Ibs. in Ibs. 


1, 1,650 8,800 
14 2,300 2.60 24 8,300 10,590 
i 8,000 3.7 23 -| 10,000 |. 12,500 
4,100 5,000 3 12,000 14,800 

5, 6,600 
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Mr. Kent.—Do you use involute teeth ? 

Mr. Hunt.—We use involute teeth only. 

Mr. Oberlin Smith.—I want to deny Mr. Hunt’s first “ fact” 
—the general statement that making the gear wider does not 
make it stronger. I will admit that in practical working, it is 
very often the case with certain classes of gears that it does 
not do any good to make ‘the face wider, simply for the reason 
that the shafts spring out of line; but assuming shafts that 
do not spring, for instance, if a pinion and gear are set right 
between two bearings, with their shafts but little longer than 
themselves, so that their own strength, being of so great 
diameter, will prevent any bending, I don’t believe the state- 
ment that increasing the width does not increase the tooth 
strength. Where the gear is on the end of a shaft and over- 
hangs the bearing, of course the shaft will spring, but how 
much depends on the diameter of the shaft? On a very large 
shaft the gear could be much wider than on a slim and springy 
shaft. But assuming the element of the springing of the shafts 
out of line to be practically eliminated, it must be evident that 
a gear two inches wide is twice as strong, or more so, than a 
gear one inch wide ; for if we put them apart on the same shaft 
one gear would drive X pounds and the other would also drive 


that much, and they would both together be driving 2X pounds. 


It would not hurt them to slide them up until they touched one 
another, when they would practically become one gear ; and if 
we merge them together so that they are one piece of metal 
instead of two, we have them somewhat stronger still, because 
the teeth are joined together and are braced and supported, 
preventing to a certain extent the danger of corners breaking 
off. The other point Mr. Hunt brought up I fully agree with. 
I believe in making a gear tooth as short as it can be made and 
run properly, consistently with wear and driving quality, rather 
than to use some of the old-fashioned long teeth. 

Mr. Geo. I. Rockwood.—I think that Mr. Smith is not talking 
about the same class of gears which Mr. Hunt has in mind. 
His remarks refer to gears which are fit to run in the finest 
presses, whereas Mr. Hunt has reference to gears fit for rougher 
work and subject to accidental strains. 

Mr. James Hartness.—Mr. Rockwood’s remarks regarding the 
difference in the condition of the rough ‘and cut gear cover 
about what I had to say, excepting that, I think the difference 
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between Mr. Smith and Mr. Hunt would exist if there was no 
coal or other substance dropping between the gears. The width 
of cut gear may be considerably greater than that of rough gear, 
and I think that is the principal difference between Mr. Smith 
and Mr. Hunt. 

Mr. Suplee.—In regard to Mr. Hunt’s statement, I think it is 
very fully borne out by the style of gear to which he refers— 
that is, to well-made cast gear. I think Fairbairn made a large 
number of experiments or gathered a great deal of information 
on this subject, and showed that broken teeth almost invariably 
fracture from one corner across to the base. It is very rarely 
that we find a good tooth breaking entirely off at the root. 
The break starts on one corner and runs diagonally upward. He 
found that the part of the tooth which broke off was about two 
and one-half times the pitch, and I think he made the propo- 
sition that if the face was two and a half times the pitch, the 
tooth was as strong as it could be made; it would break 
across the corner anyhow. Of course this referred to cast 
gearing as used in mill transmission and not to the cut machine 
gearing. 

Mr. Oberlin Smith.—I think I was a little misunderstood in 
regard to Mr. Hunt’s statement. I admitted that in practical 
work, and especially with cast gearing and springing shafts, 
there was a limit, and that Mr. Hunt was somewhere near right 
as to the practical width of gears. I only objected to the general 
statement that the width of the gear did not increase its 
strength. It is too general, and does not apply to a case where 
the cut gearing is nicely fitted and the shaft does not spring. 
In that case I say the strength does depend on the width, and 
is about as the width. 

Mr. Gus. C. Henning.—I think a word ought to be said in favor 
of cast gear if they are made in the proper manner. As cast gear 
are generally made using a wood pattern in sand, moulded up, 
when hot metal is poured in, the result is anything or nothing 
—cracked gear or anything else. The strength of such gear 
cannot be determined except accidentally. But there is a way 
of making cast gear so that they will be nearly as good as the 
best cut gear, and it is a very simple way. Take a cut pattern 
and mould it up in a material that will bake pretty hard; then 
leave the gear right in the mould, and put the whole flask and 


pattern in the core oven and bake it. The result will be that, as 
51 
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clay or sand expands less than metal, the expanding metal pat- 
tern will crowd the sand so that upon cooling, the pattern will 
lie loose in the mould, and it can be taken right out. The cope 
is then put on, and before the flask is cold the metal is poured 
into the flask, which is free from dirt or dust. The dust can be 
blown out with a blower if it is necessary, but there really is 
not sufficient dust in the flask to hurt the casting. The metal is 
put into the hot flask, and the result will be gear which is sufli- 
ciently good to run in a printing press without any noise. These 
gear are used on printing presses, and people who use them do 
not know that they are not cut gear, because if the cut gear 
used as a pattern has the slightest tool mark on it those tool 
marks will appear in the casting. Such gear are used at the 
present time. I think the patent on this method expired long 
ago. Such gear are strong. As the mould is hot when the 
metal is poured in, the shrinking or cooling strains are less, 
and the metal is not chilled so rapidly when it reaches the 
mould. It is, of course, chilled, but not so fast; and, besides, 
the hot flask, with all the material in it, helps to anneal the iron 
during the cooling process, so that an almost uniform condition of 
metal is obtained in the gear. In ordinary cast gear there may 
be anything but a true gear. There are shrinking and cooling 
strains, possibly a bad core, slight cracks in the corners, even 
though they are not true shrinkage cracks; there are surface 
shrinkage cracks which are, I think, generally disregarded, but 
they are of importance in considering the strength of a gear. 
Some loose material will perhaps get in the surface of the gear, 
and as soon as the metal begins to wear down it will wear badly. 
There are other reasons why an ordinary cast gear is never as 
strong as the formula indicates; and all formule, except when 
applied to cut gear or annealed gear, should be empirical rather 
than rational, for the reason that the factor of uncertainty can- 
not be readily applied to a mathematical—a rational—formula 
any easier than determining a few strengths of different gear em- 
pirically, and then using a formula constructed on those results 
asa basis. But the method which I have described will give 
satisfactory results, and can be used for large and small gears 
with equal facility. These gear patterns require no taper 
because the metal expands very much more than the surround- 
ing material, and they can easily be lifted out without any 
trouble whatever, and the material surrounding the pattern being 
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baked hard, of course, has considerable strength, especially 
when the material has been saturated with some baking material 
or substance. There will be no difficulty whatever in doing 
that, and a gear will be obtained which is equally strong in all 
parts and one which operates with uniformity. Any one who 
has seen printing presses run knows how perfect these gears 
must be in order to run smoothly for long periods of time 
without the slightest interruption. 

Mr. Chas. L. Newcomh.—I would like to inquire how large a 
gear they can make this way. It seems to me when you put the 
pattern into the oven and bake it and dry the sand the pitch 
line must change, and it cannot be correct in the dried mould, for 
if a large gear—say, ten feet in diameter—was made this way to 
gear into one two feet in diameter, it strikes me there would 
be an uncertainty as to where the pitch line would be, and it 
would not be in the proper place. Therefore the gears would not 
run well together. If the gears were made correct on this man- 
ner, the method would be practical only for small gears for 
light work produced in large quantities. 

In view of all that has been said, and the present general 
practice, I believe there is no better way of producing accurate, 
strong, and durable gears than by the up-to-date methods of 
planing and milling. 

Mr. Henning.—I know of gear 48 inches in diameter having 
been cast that way, which ran perfectly, and the pitch line did 
not change, because when the material begins to cool down 
sufficiently to be a solid mass the clay or sand begins to cool 
off with it and the two go together. In the first place, the 
pitch diameter was changed by the expansion of the gear in the 
mould; but originally that clay was tight to the wheel, and, on 
the other hand, the molten metal coming in will shrink a little 
more than the mould will afterwards, so practically they are 
the same thing. The gear cannot be heard when running, any 
more than cut gear. If that is true the gear must certainly be 
run together so nicely that the variation of pitch diameter is 
immaterial. They can be seen running on all of the new 
presses of the Walter Scott Company in Plainfield, New Jersey. 
They are putting them on all presses now, since about two 
years, and no one knows that he is using cast gear instead of 
cut gear because they give the same satisfaction. They are 
experimenting now on larger gear. 
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Mr: Smith.—I should think a round. flask would keep the 
clay more uniform in shrinkage, whereas a square one might 
change its shape on account of more clay or sand at the 
corners. 

Mr. Henning.—The founder does not pay mueh attention to - 
that because there is always so much packing material around 
the pattern. I believe he is guided by the size of his baking 
oven. If he can get the flask in the oven he takes a flask of 
that size. 

The President.—1 notice several gentlemen have spoken of 
gear running a long time. I see in the audience a gentleman 
who has been using them for many years. I call on ex-Presi- 
dent John Fritz. I think he can give us some experience of 
days. back before we were born. 

Mr. John Fritz—Unfortunately I am not a talker, but I must 
say I have listened to this discussion with a great deal of 
interest. Fifty odd years ago I could have told you something 
about making gear. We tried all kind of curves and all kinds of 
teeth, broad and narrow, cut, cast, and everything else. In those 
days the more wheels a man got into a rolling mill the greater 
engineer he was. But the result was that in many instances 
they adopted practically the old cider plug form of cog. Nothing 
else would stand. But fifty years ago last December I swore 
eternal hostility to all gear wheels. I came to the conclusion 
that they were a source of trouble, and to-day I think I am 
right. I think if you will all go to work ard try to avoid the 
gear, the more you avoid them the better you will be off. 
There are instances when it will be necessary to use them, but 
never use a gear wheel if you can avoid it, especially on heavy 
_ and irregular work. 

I can certify to the fact that gears are conducive to profanity. 
I know we used to have a lot of cogs on hand of various shapes, 
and some segments of wheels, and I used to be called up in 
the night ; the door bell would ring, and the first thing I would 
hear was “Gear wheel broken,” so I would get out and fix the 
gear up the best I could to make it run until Saturday night or 
Sunday, and then put in another one. But for rolling mills the 
‘gear wheels are a curse ; and I would not put them in to drive 
a train of rolls under any consideration or any place where you 
are going to have sudden jars. When it comes to lost motion 
and back lash, I don’t want them. I am opposed to long faces 
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on wheels or anything else or anybody—I don’t like them ; 
but if I have to get the strength and cannot do it without 
getting a long face, make a staggered wheel and box the ends 
of the teeth. Then you get double the strength if the shaft 
is out of line, because you have two points to break instead 
of one. 

Prof. Forrest R. Jones.*—The comparison, made by Professor 
Barr, of the relative strength of gear teeth as calculated by the 
formula of Mr. Lewis and that used in preparing the diagrams 
given in this paper, involves two systems of gears, and, there- 
fore, does not show the real relation between the two methods. 
The Lewis formula, given above, is for cycloidal gears developed 
with a rolling circle whose diameter equals the radius of a 12- 
tooth gear of the same pitch as the teeth considered. The 
results presented in the diagrams are for teeth whose describing 
circle is of the same diameter as a 15-tooth gear. The former 
system gives stronger teeth, however they may be dealt with in 
making calculations. 

It was not originally intended to give any formulas, but since 
the fundamental one has been developed by Professor Barr 
with an accuracy far within that of the data obtainable and of 
the assumptions which must be made for solving gear-tooth 
problems involving strength, his formula, followed by others 
developed from it, is given below. The notation is the same as 
used by him. It is repeated here for convenience of reference. 

C= circular pitch in inches. 

N = number of teeth in gear. 

S = fibre stress in pounds per square inch. 

W = load per tooth in pounds. 

For a gear face one inch wide : 


(0.106 
WN ‘ For use when JN is known. 


| 
C= 3.106 — 0.678) | 


W= C8 (0.106 — 0215 


For use when is known. 


C=D 0.246 0605 4.65 SD 


* Author’s closure, under the Rules, 


q 
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For a width of gear face = circular pitch. 


W = (0.106 | 


WN 


For use when JN is known. 


W= C’S (0.106 — 0.215 .) For use when D is known. 


When the width of the gear face is equal to the circular pitch 
or bears a given ratio to it, the equation involving the diameter 
of the gear contains both the cube and square of C’; hence no 
equation having a general solution for obtaining C when D, W, 
and S are given can be obtained from the original form given 
above. The last equation given can be used tentatively, of 
course, for this purpose, by substituting assumed values of ( in 
it and solving, continuing until a satisfactory value is found. 

The diagram given by Professor Barr is certainly decidedly 
convenient for the range which it covers. 

The use of short teeth is unquestionably a step in the right 
direction. The wonder is that the change has not been made 
many years ago. The present proportions of long teeth seem 
to have come from those used when mechanical processes were 
far less exact than at present. Such proportions were necessary 
when gears were cast without much care and skill, were fre- 
quently fastened to their shafts so as to run out of truth, and 
were insecurely held in position by weak and springy supports. 

Since the paper was closed with a disclaimer against any de- 
sire to discuss the accuracy of the assumptions made for de- 
termining the diagrams, the writer does not feel that this part 
of the discussion can be taken up by him, although the matter 
presented by those who spoke on this feature of the problem 
creates a strong desire to do so. 

These diagrams were presented to the Society only after a 
trial of two years at the hands of students in machine design- 
ing. It was then thought that the time and work saved by 
their use warranted their publication. 
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TESTS OF THREE SULZER ENGINES. 


BY HAMILTON A. HILL, BOSTON, MASS. 


(Member of the Society.) 


Our fellow member, Mr. Carl Sulzer of Winterthur, Switzer- 
land, one of the firm of Sulzer Brothers (Gebriider Sulzer), has 
placed in my hands, for presentation before the Society, reports 
of three tests, made within three or four years, of large mill 
engines which seem to show better results economically than 
anything of which we have reliable reports in actual working in 
textile mills. I cannot but feel that they will therefore be of much 
interest to us as showing a step in advance in that movement 
toward higher economy which is a subject of so much importance 
in our Society. They have also an interest as bearing on the 
comparative economical value of compound engines and those of 
a higher multiple. There has been of late, in this country, a dis- 
position to claim that compound engines could be made to give 
nearly the results of the triple, or at least that the added economy 
of the latter was not sufficient to counterbalance the additional 
cost and expense of maintenance of the triple. It is true that 
cases have come up, especially in our New England mills, which 
would seem to sustain this position, but I for one do not accept 
this theory, but believe that the triple engines did not have the 
best opportunity that could have been given them, or that par- 
ticular conditions favored the compound in particular cases. It 
is therefore with the more pleasure that I present these reports 
which show economies over any reported cases of the com- 
pounds, which would certainly give a most substantial profit 
on any probable difference in cost and cost of maintenance. 
Another point of interest is to be noticed. It has been remarked 
that in this country the best economical results have been shown 
by slow-running pumping engines, contrary to the theory that 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the 7ransactions. 
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speed should be a factor in economy. The economies shown in 
these tests have been gained by mill engines at comparatively 
high speed, which goes to show that there is, at any rate, no 
necessary advantage in a slow speed. 


In regard to the firm which builds these engines, it is with- 
out doubt the largest establishment building stationary steam 
engines in the world, and there is hardly any country to which 
their products have not been sent. The works in Winterthur 
were founded in 1834, and an auxiliary establishment at Ludwigs- 
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hafen, in Germany, in 1881. They have grown and prospered 
till now the parent establishment covers some 24 acres and the 
German branch 74 acres, and the number of hands employed at 
Winterthur is some 2,750, and at Ludwigshafen over 700. To 
assist in transportation merely, they 
have in their yards at Winterthur two 
locomotives, one each of broad and 
narrow gauge, and two special loco- 
motive cranes ; and of shop travelling 
cranes driven by electricity or by 


rope, there are 
2 cranes of 25 tons capacity 


10 20 ae 


‘and very many lighter ones. 

Of engines of their special type they 
have built since 1867 some 2,400, many 
from 1,000 to 1,500 horse-power and 
upward. In addition to these, their 
engines are also built under license 
by important firms in England, France, 
Belgium, Germany, Austria and else- 
where. 

The engines themselves are of the 
liberated valve-gear type (Fig. 251), 
the valves being of the double-beat 
poppet variety (Fig. 252), lifting with 
very little effort, and claimed by the 
makers to be, and to remain, tight. 

With this introduction, which I be- 
lieve the general interest of our Society 
in this famous firm will fully warrant, I present without further 
words the reports of tests which our fellow member has trans- 
mitted to me, at my request, for the purpose. 


Fig. 252, 


Vertical Triple Expansion Steam Engine of 1,300 indicated horse- 
power, built by Messrs. Sulzer Bros., Winterthur (Switzerland). 


The engine illustrated (Figs. 253, 254, and 255) was constructed 
in 1891 for the Nicolski Manufactory Company of Savva Moro- 
soff's Son & Co., Orechowo, near Moscow. 
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Its principal dimensions are : 


Diameter of high-pressure cylinder. inches. 660 mm, 
intermediate 
low-pressure 


The high and intermediate cylinders are placed on one side, 
the low-pressure cylinder on the other side of the fly-wheel. 
The wheel has 20'6” (6.300 m.) diameter and 32 grooves for 13” 
ropes. 

The cylinders and all covers are jacketed. 

The steam distribution is effected by double seat balanced 
Sulzer valves, those on top being seated in the cylinder covers, 
those at the bottom placed at the side of the cylinders. 

The shaft from which the valve motions are derived lies 
along the cylinders, and receives its motion from the crank shaft 
through a vertical shaft and two pairs of spiral gears. 

The admission valves of the high-pressure cylinder are actu- 
ated by eccentrics and a releasing gear which is varied auto- 
matically by the governor from 0 to 60 per cent. All other 
valves are operated by cams. 

In addition to the ordinary governor, there is provided a sec- 
ond governor, which disconnects the steam stop valve as soon 
as the engine exceeds its regular speed by two revolutions per 
minute ; at the same time a valve is opened which freely admits 
air into the condenser, thus rapidly stopping the engine. 

The injection condenser, into which the steam is discharged, 
is of the barometer type, the vertical discharge pipe opening into 
a water level which lies about 36 feet below the cylinders, and 
thus carrying off automatically the condensed steam. A single- 
acting air-pump removes the air from the top of the discharge 
pipe. It is driven from the cross-head of the low-pressure 
cylinder by a rocking lever which at the same time drives the 
two feed pumps, a factory pump, and a cold-water pump for 
raising the injection water to the necessary height, whence it is 
raised by the vacuum itself. 

The steam cylinders are lubricated by oil-pumps ; sight-feed 
lubricators working on the principle of condensation are pro- 
vided as an extra reserve. 


All bearings and pins are sight-feed, lubricated from an oil ¥ : 


reservoir placed on top of the engine; the flow of oil to each 
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bearing can be easily regulated. The dripping oil is collected 
in the troughs below the cranks; from there it passes through 


filters, and is re-conducted by a pump to the reservoir on top, 
80 that the same oil is in constant circulation. The consump- 
tion of oil is thus kept exceedingly low. 
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Convenient and ample platforms and stairs are provided to 
make all parts of the engine easily accessible. All moving 
parts are protected by railings. Stop valve, injection cock, 
blow-off cocks, etc., can be operated from the bottom of the 
engine as well as from the principal platform. 

Consumption trials were made in December, 1893. The 
boiler pressure was 150 pounds per square inch. The boilers 
were of the well-known Babcock & Wilcox type. The load 
varied for the different trials between 1,150 and 1,250 indicated 
horse-power. Under these circumstances a steam consumption 
of 11.7 pounds per indicated horse-power and hour was recorded. 
The load has since been increased, and is now from 1,400 to 
1,500 indicated horse-power. The engine is working exceed- 
ingly well and giving complete satisfaction. 


Horizontal Triple Expansion Steam Engine of 2,000-2,500 indi- 
cated horse-power, built by Messrs. Sulzer Bros., Winterthur 
(Switzerland). 


(From the special reports of the Society of German Engineers.) 


This engine is driving the cotton mill of Mr. L. Konig, Jr., 
St. Petersburg. (Figs. 256 and 257.) 

It is built as a four-cylinder engine, the low-pressure cylinder 
being divided in two owing to its size. There are on each side 
of the fly-wheel two cylinders, arranged in tandem. The high- 
pressure and one of the low-pressure cylinders act on the left- 
hand crank, while the intermediate and second low-pressure 
cylinder are opposite. The cranks are coupled at 20 degrees. 
Two air pumps are provided, corresponding to the two low- 
pressure cylinders. 

The principal data are: 


Diameter of high-pressure cylinder............. 
each low-pressure cylinder......... 

Diameter of air pump... 

Number of grooves for 2-inch hemp ropes 


0. inches. 760 mm. 

1,130 “ 

51.6 1,310 “ 

* 200 

6.6 2,000 
56 

560 

23.62 600 

29.2 8,880 
36. 
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The two cylinders on either side are connected to each other 
by strong intermediate cast-iron frames, allowing easy access to 
the inside stuffing-boxes and covers. All cylinders are seated 
on cast-iron foundation plates; upon which they are free to 
slide longitudinally, thus following easily the expansions caused 
by the heat. Cylinders and covers are provided with steam 
jackets, which are traversed by the steam on its passage to the 
respective cylinders. 

The cylinders have liners of a special, very hard cast-iron 
mixture. The steam distribution is effected by four double-seat 
balanced valves, the inlet valves being arranged on — the dis- 
charge valves at the bottom of the cylinder. 

The engine frame is made in two parts for sake of easy trans- 
portation ; the part next the cylinders containing the cross- 
head slides, the other one the crank-shaft pedestal. The two 
parts are connected by flanges and bolts, and rest with three 
strong feet on the foundation. 

The crank-shaft bearings are made in four parts, adjustable by 
means of wedges; the bearing surfaces are babbitted. The 
diameter of the crank shaft is 17.3 inches in the bearings and 
_ 25.5 inches in the centre. The shafts running along the cylinders 
and actuating the valve motion are driven by double pairs of 
worm gears from the crank shaft. The governor is also driven 
by worm gearing. 

The inlet valves of the high-pressure cylinder are operated 
by eccentrics and a releasing gear, which is varied automati- 
cally by the governor within the limits from 0 to 55 degrees ; all 
other valves are operated by cams, which are adjustable by 
hand within certain limits. 

The governor is provided with a safety arrangement, which 
automatically disconnects the valve gear and stops the engine. 

Each side of the engine is provided with its own condensa- 
tion, the air pumps being driven from the main cranks by means 
of vertical rods and angle-rocking levers. The pumps are of 
the horizontal type, double-acting. Two horizontal feed pumps 
are bolted to the foundation frames of the air pumps and also 
driven from the rocking levers. 

Steam stop valve, secondary valves, injection cocks, blow-off 
cocks, etc., are all operated from the engine driver's stand, which 
is in the centre of the engine. 

The steam cylinders are lubricated by means of oil pumps, 
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the crank-shaft bearings by rotary pumps, which keep the oil 
in constant circulation. 

Convenient platforms are provided along the cylinders, allow- 
ing easy access to the valves, valve gear, etc. 

The fly-wheel is of the built-up type generally used in 
America. It practically consists of two independent wheels 
bolted to each other at the rims. The arms, 12 for each wheel, 
_ are cast hollow and secured to the hub and rim by four strong 

bolts. The wheel weighs 78 tons. 

A barring * engine is arranged for turning the engine slowly ; 
its gearing is automatically disengaged as soon as the main 
engine begins to run by itself. 

For steam generation 11 horizontal Cornwall boilers are pro- 
vided, each having 754 square feet heating surface, and 19.4 
square feet grate surface. These boilers, which have also been 
built by Messrs. Sulzer Bros., are made of Siemens-Martin 
steel. Their diameter is 6 feet, length over all 28 feet 10 
inches, diameter of corrugated flue 374 inches to 414 inches. 
Above each boiler and connected with it at the back end by 
short pipes of 16 inches diameter, are two horizontal steam 
’ drums of 24 inches diameter and 26 feet long, through which | 
the steam passes on its way to the engine. 

The combustion’ gases, after their passage through the boiler 
flue and along the shell, return along these drums, thus com- 
pletely drying the steam. 

The engine was started early in 1895, and accurate consump- 
tion trials were made in August of the same year by the engi- 
neers of the mill and the builders. The principal results are 
given below. Diagrams were taken every fifteen minutes from 
every cylinder end. The indicator springs were repeatedly 
tested before and after the trials, and the average of the scales 
thus obtained was taken as base. 

The principal trials were carried out on August 10th and 
17th ; their duration had to be limited to about five hours for 


* As barring engines are apparently not in use in America, though universal 
abroad on large engines, it may be of interest to explain that they are small . 
engines with a gearon their main shafts standing béside the fly-wheel of the 
main engine. The gear teeth mesh into teeth cast in the face, the edge, or the 
inside of the fly-wheel rim, and turn the engine over when steam is not oa. 
When the engine starts with its own steam, and the rim moves faster than the 
driving gear of the barring engine, the latter is so arranged as to throw promptly 
out of gear. 
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each trial, as the working conditions of the mill would not allow 
to go beyond this limit. 


PRINCIPAL RESULTS. 


) Il. Ill. IV. 
August 10 August 17 
Duration minutes 306 822 272 827 
Number of diagrams taken 8x20 8x23 8x20 8x28 
Steam pressure at the entrance of first 
lbs. 153 155 156.4 157.2 
Vacuum on right side of engine, height 
of mercury ins. 278; 27,3; 274 27k 
Vacuum on left side, height of mercury ins. 275 274 2735 27 
56.23 56.28 56.18 56.18 
I. H.P. 1,897 1,860 1,875 1,848 
Feed water consumption per hour.... Ibs. 21,710 21,148 21,815 20,781 
Water condensed in main steam pipe 
lbs. 172.8 90.4 79.4 179.4 
. Steam consumption of engine (all jack- 
ets included). ... Ibs. 21,538 21,058 21,236 20,652 
Steam consumption per I. H. P. and 
11.373 11.3380 11.380 11.177 
Average 11.302 
Number of boilers at work 8 7 7 7 
Total heating surface at work . ft. 6,028 5,274 5,274 56,274 
English coal burnt per hour ......... . 2,496 2,489 2,385 2,154 
English coal burnt per I. H, P. and hour . 1.816 1.8388 1.272 1.167 
1.274 
Water evaporated per sq. foot of heat- 
ing surface and hour . ' . 3.92 
Water evaporated by 1 lb. of coal.... 


Remark.—The boilers had been at work for from six to nine- 
teen weeks without being cleaned, and the attendance of the fires 
left much to be desired; besides, the duration of each trial was 
very restricted. These circumstances may largely account for 
the differences and the somewhat unfavorable results of evapora- 
tion. In another plant at St. Petersburg, with exactly the same 
boilers and the same kind of coal, 10.2 to 10.4 pounds of water 
were evaporated at regular daily work, as evinced by numerous 
trials extending over a considerable length of time. 


* The load has since been increased to 2,300-2,400 I. H. P. 
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Extract from the official report upon the Consumption Trials of the 
Horizontal Triple Expansivn Sulzer Steam Engine at the works of 
Messrs. C. F. Solbrig Sons, Chemnitz (Germany), December, 1895. 


(From reports of the Saxon Boiler Inspection Co., office in Chemnitz.) 


The principal dimensions of the engine are as follows: 


Diameter of high-pressure cylinder........ lawenswessense 20.5 inches. 520 mm. 
‘* low-pressure 47.25 ‘* 1,200 mm. 


The high-pressure and intermediate cylinders are arranged in 
tandem, acting on one crank ; the low-pressure cylinder is placed 
opposite, acting on the second crank. The cranks are coupled 
under 90 degrees. 

There were two principal trials made with the engine, one 
under ordinary working load, the other with electric light added. 
Steam was supplied by two Cornwall boilers of 969 square 
feet heating surface and 31 square feet grate surface each. 

‘The steam was lightly superheated, as indicated in the table 
below. 


RESULTS. 

Triad I. Trial i. 
Daration of trial...... Minutes 204 279 
Total consumption of feed water......... lbs. 23,244 36,763 
Water condensed in main steam pipe..... lbs, 94.6 114.4 
Percentage of condensed water to total feed 

coe p. ¢. 0.4 0.3 
Total steam consumption of engine...... Ibs. 28,148 36.648 
Steam consumption per hour............ Ibs. 6,808 7,881 
Initial steam Ibs. persq. in. 168.75 168 
Temperature of steam near the engine.... deg. F. 386.6 388.4 
Superheating of steam................. - deg. F. 16.2 18.0 
Initial pressure in high-pressure cylinder. Ibs. 168 167.5 
p. ¢. 0.16 0.225 
Vacuum in low-pressure cylinder....... Ibs. persq. in, 13.58 13.38 
Barometer reading... ins. 28.4 
Efficiency of condenser. ............. Pp. ¢. 0.93 0.938 
Revolutions per minute........ 65.80 65.838 

- Piston feet 605 601 

Power developed. 
TE, Cylinder... I. H. P. 149.2 180.5 
Total I. H. P. of engine........ acwesesie Seana 630.8 735.1 
Steam consumption, 
Per I. H. P. and hour.......... eiaesecee Ibs. 10.80 10.71 
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APPENDIX, 


Since the original body of this paper was received from 
Messrs. Sulzer, some illustrative indicator cards (Figs. 258, 259, 
260, 261) have been enclosed in a communication to the under- 
signed, in which, furthermore, certain views are expressed. The 
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cards are from the Solbrig engine, but are reproduced as typical 
only, and are not the exact cards taken in the test of the engines 
above presented. The remarks on drop, jacket practice, and on 
superheating are quoted with the more pleasure as they express 


the very large experience of this Swiss firm on matters which 
are still much debated in this country. 
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Extract from the letter of Mr. Carl Sulzer: 


‘I send you enclosed two sets of indicator cards (Figs.’258 to 261). . The dia- 
grams of all our triple-expansion engines are very much alike, so that these 
may be regarded as typical. 

‘As regards drop between the cylinders, we find from theoretical consider- 
ations, as well as from our extended experience, that such should be entirely 
avoided if the very best economy is to be obtained; You will find our diagrams 
in accordance with this consideration. 

‘* As regards jacket steam, our practice is to pass the working steam first into 
the jacket and then into the bore of each cylinder in succession. From a good 
many comparative trials we find this system the best, everything considered. 
We have formerly tried the heating of all jackets by direct steam, also the 
heating of tubular receivers, but have found no advantage in so doing. With 
our present system the jacke‘s are very well drained ; there is no chance for air 
accumulating ; the piping and corresponding losses are considerably reduced ; 
the low-pressure cylinders need not be made strong enough to carry boiler pres- 
sure; their radiation is reduced, etc. 

“ As to superheating, we generally do it by means of spiral coils ; there is 
a large variety of designs for the various types of boilers. 

‘* You must not consider the plan of our Winterthur works (Fig. 262), which I 
enclose, as model works in every respect. They have grown up by degrees, and 
I fee] sure there are many points which could be improved upon if the works 
were to be built anew. A- good many of our latest machine tools have been 
ordered from America. For special machinery we havea separate drawing office, 
and have designed and built quite a number of machines and appliances of 9 
special nature which are not in the general market. 

‘* Yours truly, 
CaRL SULZER.” 


DISCUSSION. 


Mr. Geo. I. Rockwood.—Mr. Hill deserves praise for his enter- — 
prise in securing these drawings and data for publication in the 
Transactions, thereby fastening the attention of the engineers of 
this Society upon the successful practice in steam-engine con- 
struction of Messrs. Sulzer Brothers. 

The chief difference between these engincs and those common 
with us lies of course in the valves and valve gear employed. 
That the double-beat poppet valve has remained in the back- 
ground of American favor is easily explained on other grounds 
than those of intrinsic merit. Undoubtedly the principal cause 
of the neglect of the poppet valve in America was the choice of 
the rotary form of valve by George H. Corliss when he intro- 
duced the automatic cut-off principle of controlling the speed of 
steam engines so widely and so quickly throughout the world. 
The overshadowing genius of Mr. Corliss as a steam engineer 
and as a manufacturer of the Corliss wrist-plate gear, which is 
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not applicable to working poppet valves, prevented the growth 
of any other kind. of gear in the United States up to a very 
recent period. 

However, the poppet valve has not inten entirely overlooked 
here. For the past forty years the Putnam Machine Company, 
of Fitchburg, Massachusetts, have built engines of unsurpassed 
workmanship, equipped with a very simple and excellent form 
of poppet valve gear. The double-beat valves differ from those 
of the Sulzer type in respect of the shape of the seats, which are 
flat instead of bevelled. Of late years the Nordberg Manufac- 
turing Company of Milwaukee, of which company Mr. B. V. 
_ Nordberg of this Society is vice-president and mechanical 
_ engineer, has been in the field with a gear almost like that of 
Sulzer Brothers. 

It has seemed to me for some time that no other valve has 
been produced which is superior in form for dealing with the 
high pressures now becoming so common with us. That the 
claim of Messrs. Sulzer Brothers regarding the permanent 
tightness of the poppet value is true, I know of my own ex- 
perience. I have yet to find an instance of a cylinder with 
rotary or slide valves which is as tight under 140 pounds steam 
pressure as the poppet valve cylinders have been with which I 
have had to do. Moreover, the assertion is sustained by the 
very fine records of performance given in connection with the 
descriptions of these three engines, which could not have been 
achieved without absolute tightness of valve closure. 

Two important novelties to an American engineer are ex- 
hibited in the sectional elevation of the upright engine shown 
in Fig. 253 and Fig. 254. One is the design of the cylinder 
heads. Possibly there is no difficulty in packing the two annu- 
lar joints between the upper end of each cylinder with its 
jacket and the cylinder cover. It is easy to see how the out- 
side joint of the two could be made tight ; and under the system 
of jacketing employed it is of less consequence if a slight leak 
existed at the inside joint of the low-pressure cylinder, between 
the jacket and the inside of the cylinder, than would be the case 
if live steam were contained in the jacket. As it is, there is no 
danger of getting up boiler pressure on the low-pressure piston 
with steam on the jacket and the engine shut down. The other 
novelty of design to which I refer is that of the air pump and 
the novelty of the method of maintaining the vacuum. This 
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method seems to me an ideal way when there is sufficient head 
to the water used for condensing purposes. 

The first point of interest to note is the remarkable difference 
in economy between the performance of the engine described on 
page 810 and that of a Sulzer engine of the same size and run 
under the same conditions, built two or three years before and 
tested by Professor Schréter. This test is recorded by Profes- 
sor Denton on page 1367 of vol. xiv. of the Transactions. Its 
cylinders are, roughly, 20 inches, 30 inches, and 47 inches by 
55.2 inches stroke. It ran at a speed of 66.4 revolutions. The 
steam pressure, however, was only 145 pounds against 168 
pounds in this case. .The steam was superheated 16 degrees in 
the case reported by Mr. Hill. The test of this engine gives 
the water consumption as 12.73 pounds against a performance 
of 10.75 in the paper. The difference represents a saving, due 
- to superheating and to the use of steam of 25 pounds higher 
pressure, of 15.6 per cent. But the 18 inches and 44 inches by 
72 inches tandem compound engine at the Grosvenor Dale Com- 
pany’s plant ran under the same conditions, roughly, as the 
engine tested by Professor Schréter. The steam consumption 
was found by Mr. Barrus to be 12.47 pounds per I. H. P. per 
hour. This shows that the compound does better than the Sul- 
zer triple expansion when the two are run under conditions 
which are comparable. 

The performances of these three Sulzer engines are extremely 
good, of course. The engines worked under the very best con- 
ditions. They are all big engines, working with tight valves 
and pistons, extra high steam pressure, moderate speed, efficient, 
well-balanced jacket action, superheated steam, unusually good 
degree of vacuum in condenser, and, most important of all, the 
poppet valve was used. This valve has one considerable ad- 
vantage over multiported slide valves in that it presents a 
minimum of condensing area for a given port area. 
_ If My. Hill wants to make out a case against the compound 

engine, he will have to quote tests of the same engine run with 
and without its intermediate cylinder. Tests of Sulzer triple 
expansion engines cannot be justly compared with compound 
engine performance unless the comparative conditions are also 
carefully weighed. I certainly should not be justified in com- 
paring the results given in the paper with those obtained by 
Schriéter from a compound engine which he tested, finding 
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steam consumption of but 10.2 pounds. Yef it is a fact that the 
compound engine has yielded the very least consumption of 
steam per I. H. P. and per hour of all types of engines which 
have been tested. This fact signifies less to us when it is con- 
sidered that the Schmidt engine tested by Schréter was supplied 
with steam highly superheated. 

The fact remains that in the mills of New England there are 
compound engines at work which are as economical as any triple 
or higher multiple cylinder mill engine in that region, and if 
the compound engine could be found which works with tight 
poppet valves, good jacket action, 170 pounds initial pressure, 
28 inches of vacuum in the’ condenser—in other words, under 
conditions comparable with the conditions of operation of the 
Sulzer engine—then I have no doubt that the steam per delivered 
horse-power per hour would be considerably less than that of 
the Sulzer, good as that record is. 

Prof. D. 8. Jacobus.—I think it would be well for Mr. Hill to 
state authorities for the tests given in the paper. If the tests 
were made by the engine builders there is a feeling with many 
of us that there is a tendency in human nature to get them too 
low. As Mr. Rockwood has said, a test on one of the Sulzer en- 
gines made a few years ago by Professor Schréter gave @ steam 
consumption of 12.73 pounds. 

In 1891 Professor Denton made a comparison of compound 
and triple engines. Taking the consumption of the compound 
engine at 13.6, and comparing it with the triple engine having a 
consumption of 12.45 pounds, he showed that if we consider the 
difference of capital investment and depreciation, the difference 
was only 2.3 per cent. in favor of the triple for a plant run 10 
hours a day and 300 days per year. These results were pre- 
sented at the Washington meeting of the American Association 
for the Advancement of Science. It was also shown that the 
difference in favor of the compound in regard to capital invest- 
ment, etc., amounted to 7 per cent. of the cost of the coal at $4 
per ton. 

If we make the same comparison, taking the figures given in 
the paper and the figures now claimed for compound engines, 
which have also been brought down about one pound during 
the last few years, we will see that the comparative results are 
about the same as when the problem was worked out by Profes- 
sor Denton. 
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Let us consider the figures in the tables given in the paper. 
The average consumption of the first two engines is 11.5 
pounds per hour per horse-power. Now, if we add the 7 per 
cent. to allow for the difference in the capital investment, etc., 
the figure becomes 12.3 pounds. A compound engine consum- 
ing 12.3 pounds would, therefore, give the same economy as the 
triple engine consuming 11.5 pounds per hour per horse-power. 
The figure of 12.3 pounds has been attained in compound en- 
gines. For example, in the case of the Louisville engine, tested 
by Mr. Dean and reported to this Society at one of the previous 
meetings, the consumption was 12.16 pounds. Mr. Rockwood 
has also obtained figures in the neighborhood of 12 pounds and 
lower. The figures which Mr. Rockwood has just given for a 
compound engine tested by Professor Schréter were obtained 
with highly superheated steam, and are, therefore, not directly 
comparable with those obtained with steam not so superheated. 

Mr. H. H. Suplee—I do not wish to discuss the engines; but 
it was my privilege a little over a year ago to make a visit to 
these works of Messrs. Sulzer at Winterthur and to be shown 
through the establishment by Mr. Carl Sulzer, and I could not 
help admiring the beautiful workmanship put upon their prod- 
ucts. The establishment had been recommended to me as 
acknowledged to be the finest engine-building works on the con- 
tinent, and certainly that opinion was borne out by what I saw 
of this establishment. It is mentioned in the paper that many 
of the tools in the shop are of American make, and I observed 
also that many of the remainder were European copies of 
American tools. I think many of the tools came from this city 
of Hartford. It is very probable that the fine workmanship put 
on all of Messrs. Sulzer’s work has something to do with the 
high efficiency of tuese engines. 

Prof. R. H. Thurston.—It may be interesting to place on the 
record, besides these figures for the great engines of Sulzer 
Brothers, the accompanying set of data from the little engines 
of Schmidt, as recently sent me from abroad. The details of 
the trials which have given these results may be found in the 
Zeitschrift des Vereines Deutscher Ingenieure, Band xxxx. The 
economy of these engines would be several per cent. greater, 
presumably, were they reproduced on the large scale of the 
Sulzer engines. This fact is indicated in the table by differ- 
ences there to be noted between the smaller and the larger sizes 
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reported upon. The gain by superheating is seen, further, to 
vary greatly with size of engine also, which simply means that 
the gain is the greater as the cylinder condensation which it is 
intended to reduce, and hence as its opportunity to produce 
marked economy, is the greater. In the case of the Sulzer 
engines superheating seems to have been very moderate, but 
in that case comparatively little is required to check the inter- 
nal wastes, which must be quite small in jacketed engines of 
that size. Effective superheating, in a degree proportioned to 
the amount of internal waste by condensation, is seen to tend to 
bring all sizes of engine to a common and high degree of efficiency. 

These two sets of figures, as supplied from the Sulzer and 
from the Schmidt engines, may be taken, I think, as representa- 
tive of the best work done in Europe to-day. 

It may, perhaps, not be out of place to observe that some 
knowledge of the degree of accuracy of the work performed at 
the engine trial is necessary to enable one to judge precisely 
how much credit is to be given for figures which are so extraor- 
dinary. While there is no obvious reason for discounting them, 
it is the fact that every member of the profession is likely to 
desire the most exact and minute statement of the methods 
adopted, particularly in weighing the steam used and in cali- 
brating the indicators. The ur*formity of the figures secured, 
_ as reported, from so many engines, is an indication either of 
accuracy or of a constant source of error in one or the other, or 
both of these particulars. The high standard of work is pre- 
cisely what we should expect of the firm building the engines, 
and the figures are those which should be expected as those of 
maximum efficiency, judging from the experience of the best 
designers and constructors at lower steam pressures. The ad- 
vances now in progress seem to be mainly, if not altogether, 
due to the adoption of higher pressures than formerly. The 
proportions of engine and the speed of piston are practically the 
same with good builders on both sides the Atlantic. Steam 
jacketing is more common in this field of work than with us, and 
superheating is more generally in use and is carried to a greater 
degree. 

Taking the record in this country for the triple-expansion 
engine operating at usual pressures, as 125 pounds or there- 
about, as held by the Milwaukee Pumping Engine, and making 
that performance our standard for comparison, we should, with 
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increasing pressures, obtain reduced expenditures of dry steam 
in proportion, very nearly at least to the quantity 


W=a/ log p, 
in which, for that case, we have a = 25, nearly. On this basis 


the consumption of steam, dry and saturated, or very slightly 
superheated, at higher pressures (absolute), should be : 


STEaM CONSUMPTION FOR HIGH PRESSURES. 


W. W. W. 

12.5 11.52 10.81 
12.27 11.42 10.64 
11.9 11.21 10.46 
11.85 11.11 10.28 
11.68 11.10 10.12 


The ideal engine gives two-thirds these values, or a trifle 
over, and effective superheating should reduce them to values 
intermediate between those of the above table and those for the 
ideal case. The tabulated figures have been reduced, as already 
seen, by Schmidt, in this manner, by about ten per cent. on small 
engines; and still better work should be possible with such very 
large engines as those taken for study in this paper. The Mil- 
waukee engine, reproduced on a double scale of indicated power, 
would bring them down about ten per cent., without superheat- 
ing further than is required to bring the steam to the cylinder 
dry. Making all allowances for differences in size and in con- 
dition of the working fluid as to pressure and temperature, it is 
interesting to observe that our most successful designers, on 
both sides the Atlantic, are securing very nearly equal, and ex- 
ceedingly remarkable and gratifying, results in the raising of the 
working efficiency of the steam engine. 

In the reduction of data of this class to a common standard 
for comparison, I have been accustomed to employ the system 
illustrated in the accompanying diagram. 

Let the curves shown, 4B, CD, EF, GH, LJ (Fig. 263), re- 
spectively, be the graphic expression of the quantities of steam 
per horse-power per hour for such a temperature of feed water 
and total heat supply as may be found best suited to the case. 
Here they are constructed for the “ideal” case, for the real case 
exhibiting 25 per cent. extra-thermodynamic wastes, and for 50, 
75, and 100 per cent., added demand for steam, each showing the 


Dp. 
100 

110 

120 

| 130 

140 


TESTS OF THREE SULZER ENGINES. 819 


variation of the total quantity with increasing pressures, as 
easily computed by the now familiar methods of our later prac- 
tice. In this particular case the abscissas are taken as repre- 
senting with approximate accuracy both pounds of steam and 
thousands of B.T.U.—an assumption which will answer present 
purposes very well, and quite satisfactorily for most practical 
purposes, as the two standards do not vary very greatly within 
ordinary working pressures. Reduce the reported results of 
trials, for the engines to be compared, to a common standard of 
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this kind, and enter them on the diagram, each in its proper 
‘place, as shown roughly in this small figure. The greater the 
accuracy demanded, the larger should be the scale of the draw- 
ing; but I have used, for this form of record, a sheet of the 
usual size of the common larger section papers. 

This being done, it is seen at a glance how the several engines, 
or types of engine, compared as thermodynamic apparatus. 
That which gives a point on the diagram nearest the ideal curve, 
measured horizontally, is the most perfect heat engine. When 
comparing engines employing superheated steam, it is necessary, 
for a true comparison, to reduce the consumption of steam 
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reported to the equivalent in dry and saturated vapor under the 
assumed standard conditions. I have placed on this chart the 
values for the Sulzer engines here reported and also previous 
figures for the same make of machine, as well as several other 
“record breakers.” The numerals attached to each indicate the 
number of cylinders in series. 

Mr. Hamilton A, Hill.*—In introducing these interesting re- 
ports of the performance of Sulzer engines to the notice of the 
Society my main object was to call attention to the question of 
triple versus plain compound engines in mill practice, realizing 
that there is a strong belief in the minds of many of our engineers 
that for mill purposes there is no advantage in the former over 
the latter. This belief finds expression in the discussions on this 
article. But the facts, outside some few tests in New England, 
do not seem to warrant this view. In pumping-station work, 
certainly there seems to be a very decided saving through the 
use of the triple form of engine. The Louisville engine referred 
to by Professor Jacobus as tested by Mr. Dean, giving 12.16 
pounds, shows a large loss as compared with the Brookline pump- 
ing engine which was tested by the Institute of Technology with 
a result of 11.22 pounds of steam. The best result of these 
Sulzer engines here reported 10.71. Compared with even the 
extraordinary report by Mr. Barrus on the Grosvenor Dale com- 
pound engine of 12.45 of which Mr. Rockwood speaks, fuel at $4 
per ton would give a saving of $2,500 to $3,000 per year. 

To get the direct opinion of perhaps the people of the largest 
experience in stationary practice in the world, I put the question 
directly to Messrs. Sulzer, and they answered as follows: 


Mr. HI: 


‘Replying to your valued favor of May 29th, we find a difference of one kilo- 
gram (2.20 pounds) of steam consumption between compounds and triples of the 
larger sizes per horse-power hour, everything else being alike. The boiler plant 
may be correspondingly reduced. 

“It is, of course, a question of a more expensive plant on one side and a more 
expensive coal bill on the other. This question must be treated individually. 
Where coal is not very expensive a compound will be preferable. But in 
Switzerland, for instance, or in large portions of Germany, Russia, Austria, the 
conditions are such that the most economical engine is in reality the cheapest.” 


Referring to the suggestion of Professor Jacobus in regard 
to “authorities for the tests given in this paper,” it appears 


* Author’s closure, under the Rules. 
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by the original German reports that the two first, Konig, Jr., and 
Morosoff’s Son, are translations from the Zeitschrift des Vereines 
Deutscher Ingenieure, Band xxxx.—the same to which Professor 
Thurston refers for his report on the engines of Schmidt. The 
latter test, that of Solbrig Sons, is as stated in the translation 
from the reports of the Saxon Boiler Inspection Co., office in 
Chemnitz, Saxony. 


. 
| 
| \ 
| 
| 
| 
| 
{ 


A POCKET RECORDER FOR TESTS OF MATERIALS. 


DCCXXXVI.* 


A POCKET RECORDER FOR TESTS OF MATERIALS. 


BY GUS. C. HENNING, NEW YORK CITY. 


(Member of the Society.) 


Many devices have been designed for recording stress-strain 
diagrams, showing the behavior and general characteristics and 
quality of materials, ranging in price from $200 to $2,000; each, 
_ however, usually designed for special work, or, more generally, 
for a particular machine. Their number is al:nost innumerable. 
I may mention as among the best those of Wicksteed, Gray, 
Unwin, Barr, Mohr & Federhoff, Olsen, Riechlé, and many others. 
They are, however, rather for checking results than for reliance 
upon their cards. 

Not one of them can be transported and used on machines 
other than that for which built, and even where kept in order 
they cannot be used readily, causing considerable loss of time in 
adjustment and corrections for errors. The instrument which I 
am about to describe is one designed to be used on any and all 
machines which have a running poise weight, without causing 
delay for adjustment, the results at the same time being reliable, 
and such that they can be at once interpreted. Therefore the 
instrument must be flexible in its application, equally handy for 
large and small test pieces, whether round, square, or of other 
section, and the scale of diagram must be at once adjustable 
to the work to be done. It must, in fact, be as universally 
applicable as a steam-engine indicator, and be so easy of appli- 
cation and interpretation that any intelligent person can use it 
without a long course of instruction. 

It must be portable and compact, requiring no extra precau- 
tions in adjustment or regulation ; and, without having the ac- 
curacy of an instrument of precision, must be perfectly relia- 
ble, and as correct as the other apparatus in connection with 
which it is used. It must cover a wide range of work of short 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mecharical Engineers, and forming part of Volume XVIII. of the 7ransactions. 
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and long, large and small test-pieces, such as are found in 
general use, and must be applicable to hard and soft materials 
as well. 

Moreover, it should give a complete record from beginning to 
end of test, and the more important elements on an enlarged, 
and the lesser on a natural scale. Thus, while elongations 
within the elastic limit are very minute and must be recorded 
on a magnified scale which is reliable, changes of length beyond 
this critical point are very large, rapid, and variable; hence 
measurement with a steel scale suffices, and the record on a 
diagram may be on actual scale. This change of scale must, 
however, be positive, controllable, and at a fixed instant or 
point, and must not introduce errors in the record. 

In case of materials of slight extensibility, however, the - 
entire record should be on one scale from beginning to end, and 
the instrument should be so attached that it does not nick or 
injure the material so as to affect its point of rupture or strength. 

As materials under test change shape rapidly and constantly, 
the instrument must be so designed that this variation does not 
introduce errors by slipping or tilting or otherwise. 

Means must be readily applicable which will check the accu- 
racy of the instrument at all times. If an instrument fulfilling 
all of these conditions can really be constructed at a reasonable 
price, it seems that its general introduction in the kit of every 
engineer who has to deal with the strength of materials would 
be an easy task, and once its usefulness is demonstrated it 
would become a necessary adjunct in all work, especially as it 
does not increase the cost. 

As materials are generally tested at the present time, there is 
no lasting record of the qualities that are claimed to have been 
found, and a test cannot be repeated upon the same piece of 
material. Moreover, it is well known that many properties of 
materials cannot be determined except by an autographic stress- 
strain diagram. The curves obtained vary according to the 
treatment which the material has been subjected to, and anneal- 
ing or straining produces such marked results that an auto- 
graphic record would at once indicate how the material has 
been treated. Hardening, cold rolling, tempering, and other 
processes are made spparent by the characteristic features of 
the curves. 

With the use of such recorder it would become instantly 
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| apparent whether material had been previously intentionally 
strained to raise the elastic limit, as is well known to have been 
done. Overheating of material would be clearly indicated by 
the change in the curve, and the general uniformity of any lot of 
material could be readily determined. 

When it is further stated that the apparatus is equally appli- 
cable for compression tests and that it can be used equally well 


in a horizontal or vertical position, its general usefulness will 

| become apparent. A number of diagrams obtained by this in- 

7 strument are added, and will show plainly the wide range which 
q its use covers. 

There are curves (Figs. 268, etc.) of No. 6 wire, 12 inches long, 

of 200,000 pounds tenacity and 6 per cent. elongation; of § inch 

rivet rods, annealed and unannealed, 8 inches long ; of structural 
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steel, 14 inches x $ inch, showing a strength of 70,000 pounds 
and elongation of 34 per cent., and of hard drawn copper. 

In every case the elastic limit and yield point, as well as’ 
maximum load, and load at breaking point, are clearly defined, 
and the question of where or what are elastic limit and yield 
point is at once settled. The curves also allow the accurate de- 
termination of the (#) modulus of elasticity, which is a most. 
valuable factor, but rarely determined, because very difficult to 
obtain with any degree of precision, also requiring great care, 
much patience, time, and a careful observer. 

There is another use to which this instrument can be put : it 
is to act as a check or controller upon the actions of the person 
charged with operating the testing machine, who is generally 
sufficiently familiar with the material made at his works to be 
able to “jockey” the machine so that the material apparently 
gives results which fill specification requirement. 

Another possibility is that cheaper men may be engaged to 
make tests of materials than is now the custom, when accurate 
results are desired, for the actual production of a record of test 
will become a clerical matter rather tlian the work of an expert, 
the records being all interpreted by the expert or chief engineer 
who remains in his office. The apparatus (Figs. 264 and 275) 
consists of two hinged symmetrical frames 4 and B (Fig. 265), 
which surround the test-piece and are attached to it automati- 
cally at the standard gauge length. The frames are hinged by 
taper pins and plugs ¢ and /, and are provided at the centre of 
opposite sides with spring cushioned bushes (; these bushes 
are nicely fitted to the holes in the frames, and are allowed to 
move forward and back by the play of the springs D. Through 
these bushes, screws H, with hardened ends shaped like knife- 
edges, pass. The frames are provided, one with rods N,, the 
other with tubes WN fitting the latter, so that one frame steadies 
the other (Fig. 266). These rodsare of proper length to keep the 
frames a certain distance apart in order that the knife-edge screws 
bear on the test-piece at fixed lengths. These rods allow ready 
motion of cither frame in the direction of axis of test-piece. 
The frame A has two arms 9, one on either side, for carrying the 
wheel F and drum G, either on the right or the left (Fig. 267). The 
wheel / is, however, connected to 7 by the link / and screw K, so 
that it can swing to and from the marking point at will. This 
wheel F revolves freely about the stud J carried by £. 
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The frame A carries another most important member, a par- 
allel motion, such as is found on any steam engine indicator; 
this mechanism rests on a bar /?, carrying two tubes LZ, which 
slide nicely on two rods Z, screwed into the frame A ata, and 
is operated by a connecting rod ‘d@’ secured to frame B at ‘b.’ 

This bar also carries on its upper side a hooked rod c, which 
is adjustable and which hooks over one of the levers of the 


Steel 
one of this _.| two ofeach 
| one of this 
% 
b 
2e] Rods—~ 
taper pin - 
Brass Frames 


“Henning” 
Fie. 265. 


parallel motion when it has reached any desired position. The 
marking point of this motion touches the paper wrapped around 
the drum G ; the latter is revolved by a string S lapped around 
it, one end being tied to the poise weight on the beam, the other 
carrying a small balance weight. The string, of course, passes 
over conveniently located pulleys, to be properly guided. 


APPLICATION. 


The screws H are advanced so that their ends are separated 
by a distance equal to the diameter of test-piece less about 
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?; inch; a sheet of paper is wrapped around the drum and held 
in place by rubber bands or clamps; the frames A and B are 
then opened and placed around the test-piece, and A is closed, 
dropping plug / into place ; this operation holds the instrument 
in place. Now the upper frame BZ is closed in the same manner. 
This attaches the instrument on test-piece at the gauge length. 
Now the string is tied to poise and bal- 
ance weight, is then wrapped around the iT 
drum once, the drum is turned slightly so 

that the pencil of parallel motion bears , 
against the paper, and the instrument is 
ready for work. 

To show that the stretch of the string 
does not introduce measurable errors, a 
piece of the string used, 4 feet long, was 
loaded with various weights running up 
to 243 ounces. 

The stretch of the string under these 


z 


” 


x 
loads was as follows : 
23 = .085 m \ 
5 = .165 | 
73 = .260 = iil! 
184 = .360 
164 = .430 lilly | 
24 = .620 
Then, after stretching and releasing the . | if 
string repeatedly, the stretch was always tnt 
uniformly + inch for 7 ounces load on the if =" 
4-foot string ; hence, as the load on the HH 
string is about 2 ounces at most, the 


total initial stretch of 4 feet of the string ae 
would be 0.07 inch. And as the variation 
of load on string is never over } ounce, 
this previous stretch varies less than ;1; 
inch, or within the limits of accuracy of instrument even when a 
load of 75,000 pounds on a 100,000 pounds machine is weighed. 
As most readings are within this limit it must be conceded that 
the stretch of the string does not introduce any errors which 
will at all affect the accuracy or usefulness of the instrument. 
If, however, a fine steel wire is used, it will be found that the 
scale of loads will be entirely free from error. Proof of this is 
given in explanation of diagrams. 


“Henning” 
Fie. 266, 
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To mark off the scale for load, the poise is advanced, and for 
every 1,000 pound mark reached on the beam, a mark is made 
on the paper on the drum. As the tension on the string is 


one of this 


always constant, being regulated by the balance weight, the 
string, being of the stretchless kind, retains an exact length, 
as is demonstrated by the scales laid off on the diagrams. The 
line thus drawn on the drum serves as a zero or base line; 
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another is drawn at right angles to it by ruuning the marker 
up and down. 

Now the test can proceed, and the only precaution necessary 
is to keep the weighing beam exactly at its central or floating 
position throughout the test. 

When the material has stretched somewhat, a sudden change 
of stretch will be observed, very soon followed by a much more 
rapid change. The first change indicates the “elastic limit”; the 
second, the “yield point.” Supposing that the material is a hard 
one, with very little deformation before rupture, the whole curve 
is drawn out on the magnified scale. Should the materia! be 
iron, steel, copper, or other highly extensible material, then to 
record the stretch to the breaking point would require a very 
long drum; in the case of a rod of steel 8 ‘ches long with 30 
per cent. stretch this would require a drum ‘2 inches ‘014 and 


more, and a parallel motion which would be very large, «| «sy, 
and expensive. As a result the apparatus would be unwicldy 
and almost impossible to use. Moreover, ih» slongation up io 
yield point alone need be determined with «106 accuracy, and 
as the permanent elongation is never measur) closer {!..n is 


possible with a steel scale, it need not be recorded witli »i ater 
nicety. Now, as the stretch of all structural material up ‘> ih 

yield point is always less than j5 inch on an 8-inch lengi!:, !he 
hooked rod Cis so adjusted that at the instant of j5-inch 
‘it arrests the parallel motion, and causing it to slide as a uuii 
on the rods Z,. As the parallel motion multiplies 10 times this 
stretch will be recorded as 1 inch on the paper. After this 
instant all further stretch is recor! 4, actual or natural scale. 
Hence, to measure the total elongaiion at instant of ruptyro, 


F 


all that is necessary is to measure the elongation as own 
on the record and deduct ;% inch from it. This «:).og0- 
ment makes it possible to record all tests ona drum 4 »chos 
high. 


The drum chosen in this apparatus has a diameter of about 
2 inches, or a length of circumference of 64 inches. If a longer 
record is desirable the drum is allowed to revolve as often as 
necessary or a larger drum is used, the curves then being con- 
tinuous around the drum. 

As the weighing beams on testing machines aro generally 50 
inches long, this would require 8 revoluticis of drum -0,000 
pounds load ; ho:vever, in ordinary testing, !oads do noi usually 
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exceed 50,000 pounds, corresponding to a travel of poise of 
about 25 inches, or 4 revolutions of a 2-inch drum. As this is 
still too large the motion is reduced by a set of very light 
pulleys, over which the string runs a proper number of times 
to obtain the desired length of diagram. 

When the test-piece breaks; the instrument separates into 
two parts, thereby preventing any injury to ii. The rods J, 
and JZ, simply draw out of the tubes WV and J, while the 
parallel motion remains suspended from the upper frame by 
the connecting rod. The parts are all so light that even con- 
siderable shock will not injure them; the knife-edges also allow 
a small amount of slip on the test-piece at instant of rupture, 
and this also protects the instrument. 

It is, however, important to take one precaution to avoid 
injury at instant of rupture, viz.: the gripping wedges must be 
blocked, so that they cannot fly out of place and allow the parts 
of the test-piece to do likewise. 

It will be noticed that the instrument is exceedingly compact ; 
that the parallel motion is immediately adjacent to the test- 
piece, and that hence distortion of the frame will produce only 
a minimum error. The parallel motion also is so light, and 
requires such a very slight force to move it, that this cannot 
produce errors, especially as this force is constant for all 
positions of the marking point. 

Should it be desirable to use the instrument on longer test- 
pieces, such as wire, usually tested in 12-inch length, it simply 

ecomes necessary to substitute a longer connecting rod to 
actuate the parallel motion. 

For recording compression tests it is only necessary to substi- 
tute a shorter connecting rod, so that the marking point will 
stand at the top of the drum at the beginning of the test, 
instead of at the bottom, as shown. 

Again, should it be desirable to make alternating compres- 
sion and tension tests, it only becomes necessary to use a con- 
necting rod which will set the marking point at the middle of 
the drum instead of either the top or bottom. No other prepa- 
rations or precautions are necessary. 

Card 1 (Fig. 268) gives the record of two No. 6 wires, elonga- 
tion multiplied 4 times, length of test-piece 8 inches; loads 
equal actual travel of poise on beam. 

Card 2 (Fig. 269) gives the record of a No. 3 wire, elongation 
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‘multiplied 5 times, length of test-piece 12 inches; loads equal 
actual 2; times travel of poise on beam. 


CARD 3 


Instant of 


S| Rupture 


Y.P.. 5000 
E.L. 4800 


Travel of poise 
6 


192"diam. 


E.=28,210,000 
E.L.= 165,900 
Y.P.=172,700 
T.S.==196,900 


DATUM LINE 


No.3 
Dec. 7, 1896. 


'J.A. Roebling’s Sons Co., Trenton, N.J. 
No. 6 Wire, 192"diam. 
Cov. & Ginc. Biidge 


Fig. 270. 


Card 3 (Fig. 270) gives the record of test of a No. 6 wire, in 
which the travel of the poise on the beam of a 10,000-pound 
machine is reduced to j; the elongation to rupture being multi- 
plied by 5. 

Card 4 (Fig. 271) gives the record of two hard drawn copper 
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wires, Nos. 1 and 2, 12-inch length, extension to rupture multi- 
plied by 5. 

Card 5 (Fig. 272) is of a piece of structural steel 14 x 4 inch, 
8 inches long, elongation multiplied by 4 up to a length of 
.095 inch; after that record is natural scale, after point “a” to 
rupture. 

Card 6 (Fig. 278) is of {-inch rod, rivet steel, 8 inches long, not 
annealed, elongation multiplied 5 times to point “a,” or .146 
inch ; after that point record is on natural scale to rupture. 

Card 7 (Fig. 274) is of same steel, but annealed ; all other facts 
same as in Card 6. 

It will be seen that all cards except No. 6 (Fig. 273) have the 
scale of weights marked on them, and the uniformity of divisions 
will be readily seen. 

To give a better idea of this regularity, the spaces on Cards 5 
and 7 have been measured and found to be as follows: 

In Card 5— 


0 — 10,000 = 4.89 inches, or 2,045 pounds per inch. 


10 — 20,000 = 4.92 “2082 | 

20 — 30,000= 495 “ ‘2,020 

30 — 40,00 =498 “ “2008 “ “« « 
In Card 7— 


0 — 10,000 = 4.90 inches, or 2,040 pounds per square inch. 
10 — 20,000 = 4.93 2,022 
20 — 80,000 = 4.96 “oom 
30 — 40,000 = 4.99. * 


It will be seen that these differences are entirely negligible, 
being much smaller than errors of any testing machine. How- 
ever, this error can be readily explained, as it is due solely to 
the fact that the drum has revolved several times, each time 
adding .03 inch, on account of the increased diameter due to 
two thicknesses of paper, at the lap. If the diagram had been 
drawn on one revolution of the drum, even these small errors 
would have been eliminated. ‘ 

As the scales of weight on Cards 1, 2, and 4 are thus drawn, 
and as No. 3 is drawn so that the travel of poise is reduced to }, 
while that of No. 2 is multiplied by 2}; and as the scales are 
correct in every case, there can be no question of general ac- 
curacy of indications of weight or stress applied as recorded. 

The accuracy of record of clongations can be estalished by 
attaching the instrument to a micrometer and then obtaining a 
54 
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CARD 5 
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E.L—40,000 

Y.P= 41,700 

T.S.= 65,860 
Elong. in 8=30.4¢ 
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( T$=49,400 
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April 6, 1897. 


No. 3-l 
Not Annealed; 
Rivet Steel; 8"long 

E.L.= 28,580 

Y.P.=30,020 

T.S. = 46,640 
Elong.=27.3% 


instant of Rupture 
— 28,050 
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—5 times— 


E.L.=17,300 
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April 6, 1897. 


No. 3-0 
Annealed; 
rd. Rivet Steel; 8" long 
E.L.= 30,000 
Y.P. = 33,500 
T.S.=52,470 
Elong. in 8 in.=29.8% 
Y.P.=20,250 ' 


E.L.=18,000_| 


Instant of Rupture 


| 
CARD 7 
| 10 
| 
20 
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record due to operation of the latter. If the record thus made. 
is proportional throughout it; length to the readings of microm- 
eter, then the instrument is also correct; and as this is an 
investigation that should be made with each instrument to 
determine its rate of multiplication, it goes without saying that 
corrections can be readily applied to the record; further con- 
sideration thereof can be dismissed. 


DISCUSSION. 


Prof. C. H. Benjamin.—I am much interested in the instrument 
described by Mr. Henning, and regard it as a very ingenious and 
complete recorder. I entirely agree with him when he says 
that autographic records are indispensable in the aaa, of 
materials. 

If a standard size and length of specimen can be adopted for 
each material, then a simple inspection and comparison of cards 
like those shown will answer all practical questions with regard 
to the strength, elasticity, and resilience, without the need of 
elaborate calculations, just as to-day the inspection and com- 
parison of indicator diagrams tell the expert all he wants to 
know about the power and steam distribution of engines. 

Furthermore, an extensometer should be self-contained and 
independent of everything but the test-piece itself. 

Some extensometers, which are otherwise good, are so compli- 
cated and so interwoven with the frame and mechanism of the 
testing machine that it is a question which they record—the 
stretch of the specimen or the spring of the frame and the connect- 
ing devices. I have recently designed and constructed an exten- 
someter which embodies this same principle of independence 
and wh'ch multiplies in the ratio of 50 to1. This instrument 
is illustrated and described in the Digest of Physical Tests for 
January, 1897. (See also Fig. 277.) 

It seems to me that a multiplication of five times is hardly 
enough to show clearly the behavior of the material inside the 

‘elastic limit, and I am afraid that I do not understand how the 
knife edges shown can prevent slipping unless nicks are made 
in the specimen. 

Prof. Thomas Gray.—The first paragraph of Mr. Henning’s 
paper I am afraid I do not quite understand. He says that the 
other instruments which have been devised are simply used for 
checking results, and are not relied on. I suppose I misunder- 
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stand the language. I must say for myself that the instrument 
which I described at the San Francisco meeting of this Society 
is used not for checking results, but for general purposes, and I 
rely upon it.* I think there is another meaning to the para- 
graph, which is the one which Mr. Henning intends us to take, 
but I want to give him an opportunity to state it. 

For the apparatus itself I have nothing but praise. It seems 
to be an instrument which is just the thing which we have 
been wanting for many years for this kind of work—something 
which we can put on readily, which will be sensitive enough to 
give us the characteristics of the materials without troubling . 
us with great sensibility, and, therefore, difficulty of operation. 
The five-to-one magnification is perhaps somewhat small, but 
with the exception of the modulus of elasticity, which may be 
a little uncertain, the diagrams will show all that is required for 
a check on the test. With so small a magnification we have 
nothing to show whether we have a uniform modulus or an 
elastic limit between the beginning of the test and the yield 
point. The yield point itself is very clearly shown with even 
less than five to one. 

There is one point about which I should like to ask the 
author. Referring to the yield point part of the diagram in 
Card 5, how was the poise operated so as to give these back- 
ward and forward loops in the diagram, and just how much 
certainty is there as regards the actual value at the end of 
the extreme loop or at the point where it first turns? 

I think that this instrument will practically solve the prob- 
lem of testing if we can succeed in getting those who are 
interested in the testing of materials to insist upon the use of 
such an instrument for the purpose. That sems to be the 
practical difficulty. I had intended when I began work on this 
subject, before I diverged away into what Mr. Henning calls 
a scientific instrument, to get an apparatus which. would be 
suitable for such a purpose. In the apparatus which I described 
at the San Francisco meeting, I drew attention to the impor- 
.tanee of the double diagram which Mr. Henning has inccrpo- 
rated in the diagram which he draws here ; that is to say, one 
diagram for the elastic part and a less sensitive diagram for 
the non-elastic — of the curve. 


* Transactions A..8. M. E., vol. XIII., p. 638, No. 498. 
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Mr. Henning.*—As Professor Benjamin calls attention to his 
recorder, I desire to describe it in order that you may see the 
great differences between his and mine. It will be seen that it 
draws a curve on circular ordinates ; has only a very limited 
use ; cannot be used beyond the yield point; is heavy and awk- 
ward on account of its dimensions ; it cannot be applied to any 
testing machine without previous mechanical alteration or prepa- 
ration of the machine ; it requires considerable foree—8 pounds 
—to move the recording mechanism. The following is Profes- 
sor Benjamin’s description as given in the Digest, January, 
1897. 

“ As shown in Fig. 277, the Benjamin recorder is of the lever 
type and records the extension directly on a revolving drum 
multiplying the elongation in the ratio of 50 tol. The object in 
designing this instrument was to make an extensometer which 
should be attached directly to the specimen and should be self- 
contained, not touching the testing machine itself and conse- 
quently not being affected by springing of the machine or by 
slipping of the jaws. It was desired that the instrument should 
contain the least possible number of moving parts and should 
be free from the errors due to the use of cords or belts. 

“Referring to Fig. 277, /and G@ are the upper and lower 
grips respectively, which are attached to the specimen, 7, by 
pointed steel thumb-screws and connected together by a piece 
of light brass tubing. The lower grip, G, is pivoted to a collar 
which can be adjusted vertically on the brass tube by means of 
milled check-nuts. To @ is attached the light steel lever Z, 
carrying at its outer end the pencil or pen, P. 

“The lever is so proportioned that ?P is 30 inches and the 
distance from the fulcrum, 7, to the pointed screw is 0.6 inch, 
giving a multiplication of 50 to 1. The screw S enables the 
operator to adjust the pressure of the pencil on the paper, while 
the milled nuts and sliding collar on the lower grip provide for 
a vertical adjustment of the pencil. 

“By means of a bronze elbow the horizontal brass tube //, 
carrying the drum J, is attached to the extensometer in such a 
manner that the drum may be swung horizontally into the most 
convenient position for recording. The drum is rotated by a 
small worm, W, which in turn is connected by means of a very 


* Author’s closure, under the Rules. 


a 


“LL6 “STA 


LNOUs 


"Y30HOOSY 


3NIT NO NOIL926 


| 
= 
a 
< 
= 
a 
= 
oO 
3 
< 


844 


| | | 

| 

| © 

al 

| | 

| 

| 

ij 

Ml 

| il 

, | | 

| 

| 

| 

< 


A. POCKET RECORDER FOR TESTS OF MATERIALS. 845 


~ light double Hooke’s joint to a shaft on the testing machine. 
This latter shaft is geared directly to the hand wheel which ~ 
moves the poise on the beam of the machine. The drum is thus 
rotated an amount proportional to the load on the specimen, 
while the pencil moves up on the attached paper an amount 
proportional to the elongation of the specimen. 

“Tt will be seen that this instrument has no connection with 
the testing machine itself, except through the medium of the 
jointed shaft which drives the drum. This shaft is made of 
_ light tubing and is telescopic, so that there can be no pull or 
push exerted on the drum, and as the latter turns very easily 
there can be no appreciable deflection of the apparatus from 
this cause. 

“The present instrument, an experimental one, weighs but 
 § pounds, and exerts a horizontal pull of only 8 pounds on the 
screws of the upper grip.” 4 

From the description of the instrument and the diagram Fig.. 
278 here given it will be seen that the ordinates a, «, are arcs 
of circles, and the curve OB would appear as CD when laid 
out to rectangular coordinates. As it is admitted that there 
is a pull of 8 pounds on the gripping jaws /, there must be 
appreciable bending of the tube /'S as the pull is exerted on 
a leverage equal to /'7’; and as this bending is variable accord- 
ing to the variation of pull, and as its record is multiplied fifty 
times, the record on the drum cannot be correct. In my re- 
corder the pull necessary to move the marking point is always 
less than one ounce, being one-tenth ounce during the multi- 
plied record and one-half ounce during that part of the record 
made on natural scale. 

Moreover, while the Benjamin recorder can be used on verti- 
cal machines only, mine can be used on horizontal machines as 
well, with equal facility and accuracy. Although the recorder 
shown at the meeting multiplies but five times, all others will 
multiply ten times, which will be ample for all practical pur- 
poses, but hardly for scientific met of the elastic 
curve. 

Professor Benjamin says that “he does not see how the knife 
edges which I use can prevent slipping.” It is a fact that they 
prevent slipping, and probably the reason for it is that the 
instrument works practically without resistance (?-ounce pull) 
and the knife edges are forced against the test-pieces with about 
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20 pounds pressure, which is sufficient to cause scoring of the 
surface of the test-pieces at instant of rupture, when the knife 
edges do allow slip. 


I have made designs for recording apparatus for about twelve 


Cc 
Elongation x 50 


Henning 


Fig. 278. 


years, and burned them up until I devised this one; it was 
by the. merest accident that I conceived the idea of using the 
steam indicator motion for that purpose. Everybody knew it 
could be done. Everybody had used steam-engine indicators 
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and saw them used, but nobody applied the device for testing 
materials. There is no invention in its use, but the introduction 
of the automatic stop is novel; it gives us a right line diagram 
with rectangular axes. - 

Now, about Professor Gray’s criticism of the first remark, I 
say they are “rather for checking results than for reliance 
upon their cards.” I would like to say this, that all, with the 
exception of Professor Gray’s, are merely used for checking. 
None of them is in use for commercial purposes. Professor 
Gray’s is accurate and can be relied upon, but it has not been 
used in commercial work. It is a laboratory apparatus of the 
highest order and accuracy, I think ; but as it does not come in 
this class, I simply used the words “ they are, however, rather for 
checking.” Of course that means they are not entirely for check- 
ing, but they are not relied upon. I must except Professor 
Gray’s instrument from the whole class as one distinct in its 
character and behavior. 

In regard to the loops in Fig. 268, there are- three things we 

‘would have to consider in using such apparatus—first, the 
behavior of the material ; secondly, the behavior of the appara- 
tus which records the behavior of the material, and thirdly, 
the apparatus by which loads are applied. Unfortunately, the 
latter are the most unreliable and have great influence on the 
diagrams obtained. These diagrams were originally drawn in 
pencil, then inked in by myself, then retransferred by the 
engraver. But although not strictly correct, they are essen- 
tially so. A slight bend at the elastic limit is distinctly shown ; 
then a greater up to the yield point. Professor Woolson and 
myself were working together at the time and were check- 
ing each other, and in trying to keep the beam floating, the 
poise was‘run forward and back repeatedly to keep the beam in 
mid-position. The inertia of the testing machine made this 
almost impossible, and hence the many kinks. The point 
where the automatic stop came into action is shown just where 
a sharp little kink is seen beyand the yield point. The machine 
was a 100,000-pound machine, and the inertia of the whole 
mechanism was so great that we could not balance accurately at 
the yield point, where the resistance actually decreases, while 
the material keeps on stretching. 

If you will look at Card 3, obtained on a machine having the 
same weighing lever as the above, but with a poise one-tenth as 
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heavy and the same kind of knife edges, it will be seen how 
smooth the curve is, because the machine was capable of being 
used for the purpose of following the variations of load accu- 
rately ; in the other machine it was not; and it will be noticed 
that in diagram Card 5 there is a difference of about 500 pounds 
between the highest and lowest points of the kinks. That shows 
the lack of sensitiveness of the machine—that is all. It does 
not show the behavior of the material, which I have found in a 
‘number of other cards. Card 6 and Card 7 have the same inde- 
terminate and unsatisfactory loops or points. That is solely 
due, I believe, to the testing machine, because tlie ideal change 
of shape, when straining uniformly, is smooth, with a considera- 
ble drop, or diminution of load. As the stop comes into play a 
sharp change of direction of curve is seen. But the ideal yield- 
point curve, which has been determined many a time, is a 
smooth descending line. The average line through the highest 
and lowest kinks will be the correct curve. Of course the curve 
changes according to how the machine is run, whether uniformly 
or whether it is stopped and started again. If it is run slow 
enough, it will often be found that the curve is exactly as in 
those wire cards (Card 3), and it will be like it, or very nearly so. 
The point is to run the machine at a uniform speed, and then 
this distinct drop in the curve at the yield point will be ob- 
tained. In this instrument the multiplication is five times, be- 
cause that is the highest multiplication of any indicator motion 
obtainable in the market at the time. It answers reasonably 
well. My idea is to use ten multiplications, because I think 
that gives better results than this; although, from the expe- 
rience I have had, it answers the purpose as a practical instru- 
ment to get sufficient cards and to check up the operator. For 
scientific purposes, of course, it would be better to have it mul- 
tiplied very much more, but then it will be seen that the system 
of recording would have to be modified, because the apparatus 
so small. 
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A MIRROR EXTENSOMETER. 


BY GUS. C. HENNING, NEW YORK CITY. 


(Member of the Socicty.) 


In Bauschinger’s Mittheilungen, Nos. 3 and 6, 1873-1874, also 
No. 1, 1896, will be found descriptions of mirror apparatus 
first designed and used by himself for measurements of change 
of length of materials under test. (See the Werder Testing 
Machine and Measuring Instruments, by Prof. J. Bauschinger, 
1882; also Testing of Materials of Construction, by Unwin, pp. 
220 et seq.) 

Since the late Professor Bauschinger introduced his mirror 
apparatus other investigators have constructed modified forms 
thereof, as Professors Martens of Berlin, Kirsch of Vienna, and 
Unwin of London. Each introduced certain changes for the 
purpose of simplifying it and facilitating its use. Nevertheless, 
each of them left the instrument in the shape of several loose 
pieces, awkward to handle, difficult and time-robbing to attach 
and adjust, and requiring previous marking of test-pieces, which 
itself could hardly be done accurately except by the use of 
auxiliary tools. Experts only could do it without such. 

To overcome these difficulties necessitated the construction 
of an apparatus applicable to all shapes and sizes with equal 
facility and despatch, and which at the same time measures its 
own gauge length. Gauge length is that standard length of test- 
piece on which measurements are to be made. In order to sim- 
plify and facilitate the use of this apparatus, I have designed 
and had constructed a form which is herewith described. 

How far I have succeeded in these respects, without in any 
way limiting the usefulness of the apparatus, I will leave to my 
critics to decide. 


- 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
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Conditions which the instrument must fulfil are the follow- 
ing: 

(a) It must be applicable for extension and compression. 

(6) The action must not be limited to one direction from the 
initial readings, but negative readings must be obtainable with- 
out interruption or adjustment. 

(c) The instrument must be free from changes of shape 
during test. 

(d) There must be neither slip nor play. 

The instruments are in all cases duplex, revolving mirrors 
being attached to opposite sides of the pieces of material, the 
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Fie. 279. 


changes of length of which are to be determined, as it is 
generally assumed that the true axial elongation of material is 
equal to that of two parallel opposite elements of its surfaces. 

_ The theory of action of one mirror will suffice to explain the 
action of the whole apparatus. 

A prism X, carrying mirror WV, is pressed by a spring S at 
point C’ against a piece of material P at D; a telescope is 
mounted at any convenient point. and distance to look at the 
mirror: VW. Let AB be its line of sight. Opposite J/, and at a 
known distance, a scale is mounted so that its image reflected by © 
M can be seen in the telescope. The telescope need be mounted 
neither so that its line of sight stands normal to surface of 
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mirror nor directed at its centre. Fig. 279 is drawn to show line 
of sight, making an angle a with reflecting surface at a distance 
oz below its centre. 

Now, as the point D, either by compression or extension of 
material, moves to D,, the axis of mirror / changes to 1/, with- 
out affecting line of sight AB; the new angle between normal to 
mirror and this line will be 6+ a. As the angles of incidence 
and reflection are equal, the initial point of scale seen reflected 
by mirror will not be on zx continued, but at 2 continued. 


“Henning” 
Fie. 280. 


Similarly, the new point of scale seen by telescope will be F,, or 
2x angle 6. The actual difference between initial and final 
readings will be But DD,: DC = ay ; 


DD,=2EX™, or ay = x DD; 


DC 
but as the telescope reads RR, = 2ay, RR, = od x DD; 
therefore, assuming DC =.24 inches and 2=5 feet = 49,99 


inches, we will have RR, = 2.5929 DD,, or = 500 DD,, which is a 
multiplication of 500 times. 

Now, as two observations are read, one on each mirror, it can 
be legitimately said that the reading of instrument is equal to 
1,000 times the change of length under observation. 

The fact that the axis of mirror may not be exactly on the 
axis of rotation at C has been urged as a source of error. 

- To prove that if is not, let us examine Fig. 280, which shows 
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the mirror placed in three different positions at M, and 
which cover all possible variations. Using the same rotation 
as before and placing the line of sight AVP at random, we will 
find that, as long as the scales are always placed at a certain 
measured distance from the reflecting surface, the readings will 
be identical in any position of the mirror. 

T is the telescope; P the piece of material; K, knife edge, 
carrying mirror at point Cof spring S. A = angle of displace- 
ment of edge D to J). Although the line of sight intersects 
the reflecting surfaces at three different points, the angle of 
reflection of line of sight is always equal to 2‘. Now, as dis- 
tance Mk, = ME, = ME, = L, OF, must ba equal to 1F, 
= 2, Hence position of mirror has no effect on readings. 


Re 
a7 R; 


It might be said that change of relative positions of rolling 
knife edges, mirrors, and scales introduces errors of readings, 23 
the obliquity of knife edge )C changes relative leverages. As 
this seems plausible we will examine Fig. 281, which again shows 
material /?, knife edge K, mirror J/, fixed point C, scale RA, 
and line of sight AB. . 

-The point D is shown to have dropped to ),, and mirror Jf 
to M,. This causes O to shift to O,, C to C,, and reading on 
scale from fF, to R,, and it willbe at once said that this there- 
fore proves that instrument must be in error, and one, at that, 
which is constantly increasing. : 

When, however, it is remembered that the opposite mirror 
acts in the same manner, a little thought will demonstrate that 
the first error is exactly counterbalanced by that of the second 
mirror. It will be seen that the error R, R, is due to the shift- 
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ing of M from 0 to O,, thereby increasing the length OR because 
distance from axis of piece of material to centre of knife edge 
K, decreases. But the distance of centre of other knife edge K, 
from axis of material also 
decreases; hence the dis- 
tance of second mirror 
from its scale decreases, 
and exactly as much as 
that of the first increases. 
Hence the two errors are 
precisely compensating. 

There is but one case 
in which these errors do 
not compensate each 
other, and that occurs 
when the element at D 
does not change its length 
in the same manner as 
that at D. This, of 
course, happens frequent- 
ly, but the difference is 
so minute that it is within 
the errors of readings of 
the instrument, and hence 
negligible. 

The foregoing analysis 
proving that the princi- 
ples of the apparatus are 
correct, I will proceed to 
describe it as executed, 
and indicate the various 
practical points which 
must be provided for. 
Figs. 282 and 283 show the 
apparatus in its completed 
form. 

A frame hinged at two Fia. 282. 
opposite sides is con- 
nected by taper pins, one of which is removable; through the 
two other sides very nicely fitted bushes pass, which carry 
springs at their inner ends. The bushes are tapped for screws 
55 
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which have knurled heads at their outer ends and removable 
hardened points or knife edges at the others. These screws 
are shouldered at their inner ends, which pass through the 
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Fig. 288.—TELESCOPE AND SCALES. 


lower ends of long springs having steady-arms, and carrying 
the revolving mirrors at their upper ends. 

The telescope is mounted on an adjustable stand and swings 
about a vertical and the horizontal axes. Two of the three legs 
of the stand are provided with adjustable spring clamps, which 
carry the scales. These clamps are so arranged that they can 
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carry the, scales vertically or horizontally, and also be advanced 
one ahead of the other, so that each can be set to an exact dis- 
tance from its reflecting mirror. 

In Fig. 284, A and B are the two symmetrical halves of a 
frame closed by taper hinge pin a and taper plug }; through 
two opposite sides the bushes C’ pass, which carry springs 


Fie, 284, 


and K, at their inner ends, and are also tapped for the screws 
pand p,, fitting nicely. These screws are shouldered at their 
inner ends to carry the steady-arms @ and G,, which are held 
in place by the nuts formed on the hardened points or knife 
edges v and v,, screwed into the ends of screws p and 7. 

The frame AB also carries two pressure screws H, which are 
forced against the main springs S, bolted by the carriers G ; 
these springs S carry the mirrors 1, held by a yoke Y at their 
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upper ends. This yoke Y bears on a dished spring washer, 
against which it is forced by the nut at the top (Fig. 285). 

The mirrors J/ are mounted on one end of the spindles and bal- 
anced by small weights at the other (Figs. 286 and 287), the 
spindles passing through clearance holes in the yoke Y and the 
knife edges ). A groove is provided in the back of the yoke, to 
guide one knife edge, which is also supported by the small screw 
a. The free edge of the knife edge bears against the piece of mate- . 
rial under investigation. The mirrors must have motion in two 
directions, and hence are carried by two points P and P, in the 
frames /, which support them, and about which they are made 


Fig. 285. 


to revolve by the winged nut # bearing against the edge of the 
mirror, which is held in position by the spring 7’ The mirrors 
with their frames / also revolve about the spindles. 


APPLICATION. 


The screws p and p, are adjusted so that the points v and » 
are separated by a distance equal to the thickness of the ma- 
terial to be investigated, less } inch. Thon the frame AZ having 
been opened, is placed around the material, which has previously 
been put in the position desired, the frame is closed, and the 
taper plug is put in its place. Closing the frame AB requires 
some pressure, which causes the springs K XK; to flatten and the 
bushes to recede in equal amount, thus securing the frame 
firmly to the material. As the material when under stress 
changes its dimensions, the points v and v, must follow them 
without allowing the frame to shift; hence the necessity of 
these spring-cushioned screws p and p,, carried by the bushes 
sliding in the frame. 
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The mirrors are then adjusted by bringing the knife edges to 
bear against the material, in the groove in yoke Y, also on the 
screw a. Now the screws # are used to revolve the mirrors 
‘until the images of the scales, each mounted exactly five feet from 
the reflecting surface, are reflected side by side into the tele- 
scope, which has previously been levelled up. Now the screws 
a are released, after having applied the pressure screws H to 
the springs S, and the instrument is ready for use. 
will be noticed that the mirrors revolve in opposite direc- 
tions, being applied to opposite sides of the material ; hence the 
scales are mounted so that while one reads up, the other reads 
down. Hence when. taking observations the reading on both 
will be increasing or decreasing. As the material is strained 
the images of the scales pass by the cross hairs in the telescope, 
and readings are taken as often as desired. 

It will be noticed that as the spindles pass through clearance 
holes in the yoke the knife edges are free to move in either di- 
rection. Their only support is against the yoke at one edge and 
against the material at the other, and with a constant pressure of 
the spring S. 

As the mirrors can revolve in either direction with perfect 
freedom and accuracy, the instrument is equally applicable in 
measuring extension or compression. 

It will be understood, however, that the instrument is in any 
ease to be used only for elastic deformations or changes of 
length, as any greater changes place the readings beyond the 
limits of the scale, or might cause slip of the knife edges on the 
material. 

As the scales are but 20 inches long they correspond to an 
actual change of length of 4%°° = .04 inch; but as such change 
of length is always beyond the elastic limit, up to which point 
alone accurate measurements are desirable or possible, the in- 

strument answers all purposes for which it was designed. 


DISCUSSION. 


Prof. Thomas Gray.—I think that the remark which was made 
a little while ago applies’ to this paper—it does not need any 
discussion. Yet I think we ought not to allow it to pass with- 
out in some way expressing our appreciation of the very great 
pains Mr. Henning has taken in introducing this very beautiful 
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apparatus. I am myself very much interested in the subject, 
and have spent a great deal of time in devising apparatus of 
this character, and I appreciate very much the assistance which 
Mr. Henning has given. The only suggestion I should like to’ 
make, as a possible simplification, is that he try to modify the 
arrangement so as to combine the two beams of light so as to 
require only one reading. 


4 
- 
q 
q 
q 
q 
q 
q 
q 
q 
| 
4 
q 
| 
i 
qq 
4 
q 
‘ 
i 
7 
| 


ELECTRICITY VERSUS SHAFTING IN THE MACHINE SHOP. 861 


DCCXXXVIII.* 


- ELECTRICITY VERSUS SHAFTING IN THE MACHINE 
SHOP. 


BY CHAS. H. BENJAMIN, CLEVELAND, 0. 


(Member of the Society.) 


Tuer trend of the discussion on a paper entitled “ Friction 
Horse-Power in Factories,” presented at the December meeting 
of the Society, has suggested the presentation of this paper. 

It seemed to be the opinion of many of the members who 
took part in that discussion, that the best solution of the prob- 
lem was to “ take the bull by the horns” and throw him out of 
the arena altogether; in other words, to displace shafting and 
belts by electric transmission rather than to try to improve 
their efficiency. That in many cases this is the true solution 
can scarcely be doubted ; but it seems to the writer that there 
are considerations of more importance than mere economy of 
transmission. 

In order to put this in concrete form, twelve establishments 
mentioned in the previous paper have been selected, the num- 
bers from one to six inclusive representing establishments 
using heavy machinery, and the numbers from seven to twelve 
representing light-machinery establishments. 

In Table I. the data are taken from the preceding paper, 
while the results in Table II. are calculated. 

The cost of the shafting in column 1 of Table IT. includes 
the cost of probable hangers, couplings, and pulleys, and is 
based on the actual price of similar shafting in a modern shop, 
the cost ranging from $2 to $6 per linear foot. 

The cost of the belting assumes the belts to have been from 
30 to 50 feet long, and of single leather, and varies from $6 to 
$27 per belt for the widths given. 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, avd forming part of Volume XVIII. of the Transactions. 
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It is not claimed that the figures given in this column repre- 
sent the exact cost of shafting and belting, but they show what 
the cost might well be in such establishments. 

In estimating the .cost of generators and motors for these 
same shops, it is assumed that a generator will be required hav- 
ing a power 50 per eent. greater than the net power used by 
the machines when the shop is running at full capacity, and 
that the aggregate power of the motors should be double this. 
It is further assumed that the motor unit will be from 5 to 10 
horse-power in the shops doing heavy work, and not less than 
2 horse-power in the shops doing light work. The cost of eles- 
tric motors may be roughly classified as follows : 


Horse-Power of Motor...... 2 8 5 10 20 40 50 65 %5 
Cost in Dollars per H. P..... 65 60 45 35 25 20 17 16 15 


The figures in column 2 of Table II. thus show what might 
reasonably be expected as to the cost of generators and motors 
for each establishment. No account has been made in the one 
ease of the cost.of countershafts and secondary belting, nor 
in the other of conductors, switches, and such countershafts as 
might be used, one omission being allowed to offset the other. 

Column 8 shows the differences between the values in the two 
preceding columns, the + sign indicating greater first cost for 
electricity, and the — sign greater first cost for shafting trans- 
mission. It will be noticed that in general the electrical trans- 
mission has the greater first cost, but in establishments where 
the amount of shafting is out of all proportion to the useful 
work done, electricity has the advantage even here. (See shop 
No. 4.) In shops like Nos. 10 and 12 the machinery is com- 
pactly arranged and the cost of shafting relatively light. 

If there is any unfairness in the above figures, it isin over- 
estimating the electrical cost, since the writer desires to be 
conservative. 

The figures in column 4 of Table II. are derived from those 

‘in column 8 of Table I. by assuming a combined efficiency of 
two-thirds for generators and motors. The power lost in shaft- 
ing transmission, column 5 of Table IL., is obtained from col- 
umn 9 of Table I., by deducting ten per cent. of gross horse- 
power for engine friction. 

The net gain in horse-power by using electric transmission is 
shown in column 6. Allowing $60 per horse-power per year as 
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the gross cost of power delivered, we obtain the results in col- 
umn 7 for the saving in dollars per year. 

Some one may object that these calculations are rough, and 
based on insufficient data. Even if we admit this, two facts can 
still be regarded as proven : | 

1. That the first cost of electrical machinery is usually greater 
than that of shafting and belting. ; 

2. That the saving in power in most machinery establishmenis 
would pay for the additional cost of the electric plant in from one 
to five years. 

Figures of this kind are about all that we can have to guide 
us at present. Statements from manufacturers are liable to be 


influenced by a personal bias one way or the other; and even | 


where there is an opportunity for a fair comparison, the neces- 
sary dataare usually lacking. Many cases could be cited where 
parties now using electricity claim an actual saving in coal 
-burned of from 15 to 30 per cent. 

In most establishments where electricity has been intro- 
duced the transition has only been partial, the generator and 
motors being burdened with a load of shafting and belts which 
prevent any saving in power from being effected. Itis in new 
shops constructed with especial reference to electric transmis- 
sion that we are to look for the best results in efficiency. 

It is further to be remembered that the loss of power from 
shafting and belts is constant as long as the engine is running, 
whether one machine or a hundred be in operation, while the 
loss in electric transmission is a per cent. of the actual power 
used, and diminishes as the consumption of current diminishes. 
This is particularly important during times of business depres- 
sion, when only a part of the plant is in operation. 

Some space has been devoted to considering the question of 
relative first cost and efficiency, since many arguments pro and 
con have hinged on these two points. 

Electricity should not base its claims to recognition on cither 
of these. In most cases there are far more important advan- 
tages to be considered. Referring again to Table IL., it will be 
noticed that in column 8 are given the estimated pay rolls of 
the different establishments, allowing $500 per annum for each 
man employed. Notice how large these numbers appear in 
contrast with those we have been considering. A saving of 
from two to five per cent. in the pay roll is of more importance 
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than any saving which is likely to be effected in the power 
lant. 
‘ The average useful horse-power per man in the heavy ma- F 
chinery establishments before mentioned was 0.38 horse-power, 
representing $22.80 per year on the usual estimate of $60 per 
horse-power per year. If the services of the man are set at 
$500 per year, a low figure, the average cost of power is only 44 
per cent. of the cost of labor. 

In the light machinery establishments the average useful 
horse-power per man was only 0.195 or $11.70 per year ; being 
only 2} per cent. of the labor cost. 

In some shops the power cost represents only about one per 
cent. of the total expense of running. 

The question of the advantage of introducing electricity hinges 
not upon efficiency of transmission, but upon the effect on the output 
of product per man and per machine. 

The different points to be considered in determining how 
electricity affects general economy of production may be classi- 
fied as follows : 

1. General arrangement of machinery to facilitate handling of 
work. 

2. Clear head-room for the use of electric cranes and small 
hoists. : 

3. Light and cleanliness. 

4. Control of speed. 

5. General flexibility of the system. 

6. Use of electricity for other purposes than power. 


1. General Arrangement. 


The ordinary machine shop of to-day, in its shape and size 
and in the general arrangement of its engines and machinery, is 
the slave of shafting transmission. The engine must be so 
located as to connect conveniently with the shafting; all the 
machines must be arranged in parallel lines, for the same rea- 
son ; while the ceilings and posts must be designed with special 
reference to the demands of hangers and brackets. This has 
been so long the case, that perhaps we hardly realize the possi- 
bility of a change. 

Machinery should be arranged with reference to the work it 
is to do, and not with reference to the power to be used ; it 


A 
= 
— 
| 
ogg 
— 
va 
— 
a 
ay 
4 
— 
: 


868 ELECTRICITY VERSUS SHAFTING IN THE MACHINE SHOP. 


should be so located on the floor of the shop as to be easily 
accessible for operation and attendance, and in such a way that 
_ the work may be readily handled and well lighted. 

The whole shop should be planned with a view to handling 
the product with the least waste of time and labor, and elec- 
tricity makes this possible. Large machines may be put in any 
position and at any angle, or, if need be, may be transported 

- from place to place to accommodate the work. The power 
plant may be located in the most favorable place for taking care 
of coal, water, and ashes, and the power distributed to any build- 
ing or buildings, with but little loss. 


2. Clear Head-room. 


In all shops doing heavy work, the rapid and economical 
handling of the work is one of the most important factors in 
cheap production. 

The electric crane is the most convenient and efficient carrier 
yet developed, and the absence of overhead shafting and belts in 
electric transmission makes its use possible over all the larger 
machines. The writer believes that small electric hoists will 
also take the place of hand hoists over smaller machines, until 
every machine in the shop can be reached in this way when 
desired. 

This advantage of the electric system was what prompted its 
introduction into the Baldwin Locomotive Works, and the sav- 
ing there has been notable. Formerly from 30 to 40 laborers 
were employed to handle the work in the wheel-shop, while now 
only 8 or 10 are needed ; formerly from 8 to 10 per cent. of the 
time of the skilled help was lost from delays in handling, but 
this loss has been reduced to less than two per cent. A saving 


of this kind is of more importance than any probable saving of 
coal. 


3. Light and Cleanliness. 


As another result*of our long subjection to ordinary methods 
of conveying power, we have come to regard a machine shop as 
necessarily dark, a synonym for all that is black and dingy. A 
glance at the shops of some of our electrical establishments 
will convince any one that this is a mistake. 

Shops like those of the Crocker-Wheeler Co., the Westing 
house Co., ete, have been called “show places ;” but at least 
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- they show the way from darkness into light, and should receive 
credit for it. 

The belt is a dust carrier as well as a power carrier, and 
nothing can be kept clean in its vicinity. When we add to this 
the shadows cast by the shafts and belts themselves, we have a 
condition of things which tends to mistakes and poor work, and 
cannot be without a corresponding moral effect on the workman. 

The writer saw, during the winter holidays, in one large estab- 
lishment having the usual maze of countershafts and belts, an 
attempt to whitewash ceilings and walls, which was almost 
pathetic in its absurdity. 

The partial or entire absence of overhead belts, and the dif- 
fused light reflected from whitewashed ceilings and walls, will 
cause an improvement in both quantity and quality of output 
which will prove a strong argument for electricity. 


4. Control of Speed. 


One of the minor advantages of direct-connected motors on 
large machines is the possibility of easily and quickly adapting 
the speed of the machine to the kind of work being done. On 
large boring mills and lathes, especially when facing up work, 
this may be a factor of considerable importance in determining 
the cost of production.* 


5. General Flexibility of the System. 


The ease with which the electric system of transmission may 
be adapted or extended is one of the strongest arguments in its 
favor. The extravagant consumption of power, as noted in the 
former paper, is probably due, in most cases, to a gradual exten- 
sion of the shafting system by lengthening shafts beyond a rea- 
sonable limit, to the turning of corners with bevel gears, and to 
the use of turned and twisted belts, with their attendant evils in 
the way of guide pulleys. 

Shops are usually planned with a view to present needs 
rather than future possibilities, and extensions are made at some 
disadvantage ; but in the electrical shop this need cause no 
uneasiness. Whatever the location or the angular position of 
the new building, the only expense is that of new motors and a 
few hundred feet of wire. 


* See article by Mr. W. E. Hall in Cassier's Magazine for February, 1895. 
56 
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If added experience shows the desirability of rearranging any 
part of the original plant, there is nothing in the way. If at any 
time the mountain declines to go to Mahomet, Mahomet can 
easily be moyed to the mountain, in the clutches of an electric 
crane. 


6. Other Uses of the Electric Current. 


If the right kind of an electric system be chosen, the same 
current can be used in a variety of ways which are just begin- 
ning to be appreciated. Besides the advantage of having are 
and incandescent lamps without any additional expense for 
generators, the electric current may be used for welding, braz- 
ing, soldering, annealing, and case-hardening, and each and all 
of these operations may be effected locally on large machines 


without moving them from their positions. 


Some are inclined to look askance on electric motors, and to 
have doubts as to their durability and freedom from accident. 
To the ordinary manufacturer and superintendent the electric 
motor is something that he does not fully understand, and, con- 
sequently, something to be distrusted. 

An electric motor, if properly designed and constructed, 
requires no more care than any piece of machinery running 
at the same speed. The writer has had under his personal 
observation motors which have run for years whenever called 
on, have required less care than an ordinary loose pulley, and 
have cost almost nothing for repairs. 

Only lately the writer saw a railway motor driving a grinder 
for pulverizing furnace linings, in an atmosphere so full of grit 
and dust that the operator had to keep his mouth and nose 
masked. The motor under a street car will convince the most 
superficial observer that there is nothing to be feared on this 
score. 

It is difficult to get reliable and precise data from actual 
examples, even from establishments where both kinds of trans- _ 


‘mission have been tried; but the almost universal testimony of 


such is that the new experiment is a success, that they would 
not go back to the old system, and that as rapidly as possible 
the electric system will be extended to all parts of the works. 

The writer has recently visited several establishments in 
Cleveland where electricity has been introduced to a greater 
or less extent. 
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The works referred to as No. 5 in the preceding tables have, 
within the past year, been partially equipped. An electric 
plant has been put in, consisting of a 150-kilowatt generator, 
belted from the engine, and furnishing a direct current of 220 
volts to various motors and to are and incandescent lamps 
throughout the buildings. The motors are mostly shunt 
wound, self-regulating, and vary in capacity from 3 to 15 horse- 
power. 

Owing to the arrangement of the buildings, it had formerly 
been necessary to run line shafts at right angles, and use quarter- 
turn belts and guide pulleys. Some of the motors are now used 
at the angles to do away with the belts, but in general the 
shafting itself has not been disturbed, and consequently much 
of the loss due to shafting transmission remains. 

In other instances independent motors are used to drive large 
machines, or groups of machines. When there is much dust, 
as in the case of emery grinding, the iron-clad motor is used. 
Although this can be called but a partial trial of the electric 
system, and has many of the disadvantages which could be 
avoided in a new installation, the experiment is so far a success, 
and will be extended as fast as practicable. 

Through the courtesy of Mr. Bartol, a member of the Society, 
and superintendent for the Otis Steel Company of Cleveland, 
the writer was permitted to inspect the works of the company, 
where a new electric plant is being installed. The company 
have used electricity to a limited extent for some time, and the 
present installation is intended to concentrate and unify the 
plant. As the works are distributed over an area of about 
fifteen acres, and as the work is nearly all of a heavy nature, 
the wisdom of the change is apparent. 

The central plant will contain a 165-kilowatt generator direct 
connected to a compound condensing engine, and a 75-kilowatt 
generator belted from a simple condensing engine, both genera- 
tors furnishing current to the same circuit. 

Either or both of the generators can be used, according to the 
amount of current needed. A direct current of 220 volts will 
be used for both light and power, the arc lamps being in series 
of four and the incandescent lamps in series of two. A central 
distributing tower is erected over the generator, from which 
overhead wires radiate to all parts of the works. Separate 
-Wires are run for the lighting system, in order that the lights 
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may be controlled from the central station. Ammeters on each 
line show the relative amounts of current taken by each shop 
and by the lighting system. The switch-board is also provided 
with those very important safety valves, automatic circuit 
breakers. Mr. Bartol determined the amount of current which 
would be needed in the different shops by a method which is to 
be recommended to all who anticipate such a change. 

Indicator cards were taken from the engines when driving the 
shafting, and when driving the different machines, and the dif- 
ferent shops, and from these cards the necessary capacity of 
motors and of generators could be quite accurately calculated. 

The motors are either shunt or series wound, according to 
the use which is to be made of them, and vary in capacity from 
5 to 30 horse-power. The motors are in all cases belted to the 
machines or shafting and controlled by rheostats. 

As a rule, no attempt has been made to displace shafting 
already in place, but the writer noticed two large roll turning- 
lathes driven by independent motors, one of 5 and one of 10 
horse-power. 

In the finishing room for steel castings, the machines are all 
arranged along the side of the room and driven by counters 
and line shafting attached to the wall, leaving clear head-room 
for the electric crane used in handling the work. 

Electric cranes, both of the travelling and jib type, are in 
evidence throughout the works, and some portable machine 
tools are driven by independent motors. It is interesting to 
note that at this establishment the rival giants, electricity, com- 
pressed air, and hydraulic power, are working side by side, each 
in its own proper sphere. 

At the new shops of the Atlas Bolt and Screw Co. of Cleve- 
land, a two-phase electrical plant has lately been installed. 
The buildings in this case are located on three sides of a tri- 
angle, with the power house at one angle, a situation of things 
which almost precludes the use of shafting in the ordinary 
way. To the electric wires this makes no difference. 

The machinery is mostly of the automatic type, arranged in 
groups, and running at a constant speed, a condition of things 
favorable to the polyphase system. 

A 60 horse-power high-speed engine is belted to a 45-kilowatt 
two-phase generator and to a 15-kilowatt exciter. The exciter 
is made of this size in order to furnish a direct current for the 
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lighting as well, the lamp system being thus entirely distinct 
from the power system. This use of the exciter is somewhat 
novel and interesting. 

Motors are scattered throughout the works wherever needed, 
in sizes varying from 5 to 20 horse-power. They are in most 
cases hung from the ceiling at the same height as the shafting, 
so that the belts are horizontal. The motors are all of the 
induction type and entirely destitute of commutators or brushes, 
so that they require no attention, except to keep the bearings 
oiled. The motors can all be started at once from the engine- 
room, or each one separately by a switch. 

No attempt has been made to do away with the line shafts 
and counters, as the nature of the machinery renders this 
impracticable, but the ability to run even remote sections of 
the shops independently of the remainder, as well as the entire 
absence of vertical belts through the floors, has been sufficient 
reason for the adoption of this form of transmission. 


General Conel usions. 


When the shops of a manufacturing establishment are scat- 
tered over a considerable extent of territory, the installation of 
a central power plant having large and economical engines, and 
the distribution of the power to the different shops by wires, 
instead of by steam pipes, is a change always to be recommended, 
and that will soon pay for itself. 

When the establishment consists of one large building or 
compact group of buildings, a change to the electric system is 
to be recommended where heavy work is to be handled, especially 
if the machines are somewhat scattered, require considerable 
power, or are intermittent in their action. In such cases some 
of the shafting may be left in position, but the writer believes 
that the more independent motors are used on machines requir- 
ing over two horse-power the greater will be the economy. 

In shops doing light work and having many small machines 
compactly arranged and in continuous operation, a change to 
the electric system would be expensive and of doubtful utility. 
See, for instance, shops Nos. 10 and 12 in tables. 

In building a new shop the chances are better for electric 
installation ; and any manufacturer who does not, under these 
circumstances, investigate the subject and consider carefully 
the question of using electricity, is making a great mistake. 
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The ideal arrangement for a shop handling heavy work is that 
of a building having one lofty centre aisle lighted from above, 
and two side aisles of less dimensions lighted from the sides. 
Every square foot of floor space in the central aisle should be 
commanded by electric cranes. Here the larger tools will be 
located, each with special reference to convenience in handling 
work, and, as far as practicable, fitted with independent motors. 

The smaller machines are located in the side aisles near the 
dividing line of columns, and may be driven in groups by short 
lines of shafting hung on the columns below the tracks of the 
travelling cranes, each line being driven by a separate motor. 

Units of about five horse-power are large enough for this 
kind of work. 

Motors of two or possibly of one horse-power are as small as 
can at present be economically used. 

The benches for hand work should be located at the side 
walls near the windows. Smaller cranes and electric hoists 
may command all the space in the side aisles. 

Some of the drills and shapers should be fitted with direct 
connected motors and have eye-bolts at the top by which they 
may be moved from place to place. 

In the power house the use of two generators, one large and 
one small, will often prove economical, the smaller one being 
used for night or overtime work. 


Polyphase and Continuous Current Systems. 


The writer, as a mechanical and not an electrical engineer, 
hesitates to say much on this delicate subject. However, it is 
a question which must be settled at the outset in deciding upon 
the arrangement of a shop. 

The great advantages of the polyphase or induction motors 
are in their simplicity, their freedom from rubbing contacts, and 
the constancy of their speed; the great disadvantage, the fact 
that the speed cannot be regulated, since the motor must 
always be in phase with the generator. 

When electricity is to be applied simply to run line shafting- 
and counters, and the speed of separate machines is to be con- 
trolled by the usual belts and gears, the polyphase system is 
entirely satisfactory. 

On the other hand, when it is necessary to use independent 
and direct-connected motors on cranes and on machine tools, 
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prompt and economical speed control is an absolute necessity ; 
and it is here that the continuous-current machine has a great 
advantage. Without any prejudice, it is the earnest belief of 
the writer that the greatest advautages in electrical transmission 
are to come from the use of independent motors to the largest 
extent possible, and that the time will come when nearly every 
machine in the shop will have its own motor. Progress in this 
direction is slow, and the intermediate steps must be taken first ; 
but when an electrician sneers at the use of direct-connected 
motors per se one cannot but suspect that it is only because . 
he has not yet perfected a motor that will satisfy the require- 
ments. 

The principal difficulty in designing direct-connected motors - 
for machine tools has been. that of getting slow speed without 
great weight and of securing proper speed variation without 
seriously impairing the efficiency. The multipolar machine 
has helped to solve the former difficulty. In regard to the latter 
problem it may be said that the speed of the motor has usually 
been changed by introducing resistance into the armature cir- 
cuit, thereby causing a loss of power corresponding to the re- 
duction of speed. 

Lately motors have been constructed with so-called com- 
mutating fields. The motor in this case has several fields 
wound in separate coils, and when a change in speed is desired 
these fields may be cut out one after the other. ; 

If desired, a combination of this system with a resistance 
in the armature circuit may be used. The so-called Leonard 
system, having several feed wires carrying currents of different 
voltages, is, of course, somewhat expensive on account -of the 
amount of copper used and the general complication of the 
system. ; 

It is, however, very encouraging to note the improvements 
which are constantly being made in the construction of slow- 
speed generators for direct connection. 

It is better in a paper of this kind to avoid mention of 
any particular firms. Suffice it to say that there are at the 
‘present time at least two firms of established reputation who 
are ready to supply slow-speed motors suitable for direct con- 
nection to machine tools and capable of almost any degree of 
speed regulation. 

These motors can run at from 100 to 200 revolutions per 
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minute and can be obtained in sizes of from one to five horse- 
power, while the guaranteed efficiency is from 70 to 80 per cent. 

Until it shall be possible to do away with shafting and belts 
in situations where that is desirable, the problem is only 
partially solved. 

The steps thus far taken in the direction of electrical trans- 
mission, while encouraging, can only be regarded as the begin- 
ning of a more radical change. 

It is the hope of the writer, before another year, to make some 
experiments in establishments which have introduced electrical 
transmission, and to show more conclusively than has been 
done in this paper the economic advantages of the newer 
system. 


DISCUSSION. 


Prof. L. 8. Randolph.—One of the most important advantages, 
if not the most important, of the independent motor system in 
shops to which the methods of electrical transmission lends it- 
self is the facility with which rearrangement of shop tools can 
be accomplished. If the character of the work requires that 
the pieces should go on the lathe first, that tool can be placed 
first in the path of the work; and if another kind of work de- 
mands a different arrangement, it can be readily made. Where 
the belt and countershaft are used the machine, when once 
placed, usually remains there indefinitely. 

The whole question, however, seems to be one the solution 
of which depends entirely upon the conditions surrounding each 
individual case. 

A building, about a hundred yards from a boiler plant, re- 
quired to be supplied with power; had that been all, a motor 
driven by electricity might have been used; but the building 
also required to be heated, and as it was perfectly feasible to 
get an engine which would require but little more attention than 
an electric motor, the ability to accomplish both results with 
one installation would more than compensate for the advantages 
any other system could offer. It is to be hoped that the excel- 
lent results obtained by the close competition in the electrical 
business will stimulate a more careful study of other methods 
of power transmission, for as yet, for the transmission of medium 
and high rotative speeds, electrical methods leave little to be 
desired except a lower first cost. 
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Mr. J. B. Stanwood.—I should like to say that in establishing 
generating plants for the transmission of power electrically 
manufacturers should not lose sight of the “steam end” of the 
problem. If an advantage is secured by reducing frictional loss 
in a given plant, care must be taken that the type of engine 
employed to drive a generator is not one whose economy is so 
poor, whose cost of maintenance is so great, and whose life is 
so short as to entirely neutralize the saving originally desired. 

It would be useless to substitute for a good, slow-speed Cor- 
liss factory engine a high speed, short-stroke, automatic engine 
(directly connected to the generator), whose only advantage is 
its compactness, low first cost, and close regulation for such 
service. 

I am of the opinion that slow-speed dynamos directly con- 
nected to some form of compound engine, capable of handling 
variable loads, so proportioned that the average load can be 
carried at a water rate not in excess of, and probably better 
than, that of good Corliss practice, is a type which will grow to 
be satisfactory and popular. 


In this connection I would suggest the following speeds for 
different powers : 


PROPOSED SPEEDS FOR DIRECT-CONNECTED FacToORY GENERATORS. 


Rated K. W. Revolutions 
Horse-Power. Capacity of Generator. per Minute. 
100 66 225 
150 100 200 
200 135 175 
300 200 150 
400 250 125 


300 100 


A criticism of these speeds will be made on the score of cost. 
To such I can say that upon inquiry it will be found that very 
reliable slow-speed generators can now be purchased at but a 
slight excess in price over the more speedy machines. — 

Mr. Dan C. Woodward.—Mr. Benjamin says that, although 
his “calculations are rough and based on insufficient data,” 
“two facts can still be regarded as proven: 

“1st. That the first cost of electrical machinery is usually 
greater than that of shafting and belting. 

“2nd. That the saving in power in most machinery establish- 
ments would pay for the additional cost of the electric plant in 
from one to five years.” 
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In regard to the first cost I wish to bring out one or two points. 

The tests recorded in his table were made by taking indicator 
cards from the engine. First, the cards were taken with all the 
shafting and machinery running as usual; second, cards were 
taken with the engine running the shafting and loose pulleys 
only, and this last was called the friction load, and the difference 
between the two was called the useful load. 

He then says that the friction load or loss of power due to 
transmitting it with shafting and belting is constant. From 
experiments made by myself on power transmission, as well as 
from a paper presented before the Society in vol. vii. by Mr. 
Wilfreed Lewis,* I am led to believe that the friction increases 
as the useful load increases, and is therefore a greater per cent. 
of the total load than is given by his table. 

In making his calculations for the cost of dynamos and 
motors, so far as I can see he has made no allowance for 
decreased cost of engine and boilers, although he shows that 


the necessary power to drive a given plant will be from 40 to 60 


per cent. less than with shafting and pulleys. 

During the winters of 1893 and 1894 I made an extended 
series of tests, above referred to, at the shops of The Shaw 
Electric Crane Co. to determine the power required to drive 
machine tools under different conditions. 

Tests were made with lathes, planers, milling machines, 
upright and radial drills, grinding machine, and a boring mill. 

The tools for the lathes, planers, and boring mill were ground 
to known cutting angles upon a Gisholt Machine Co.’s tool 
grinder. Some of the machines were tested for efficiency of 
power transmission, and efficiency curves were made. 

From these tests I learned that the loss of power between 
the main-line shaft and the cutting tool was much greater than 
Thad realized, and I think that the builders of the machines 
would be equally, if not more, surprised. 

If each machine tool could be designed with reference to 
being driven by a motor, leaving out all belts and using gears, 
and could the motor be designed by a competent machine-tool 
designer for the particular machine which it is to drive, the 
efficiency of power transmission for the machine and motor 
would be greatly increased. 

The first cost, for instance, of a lathe and motor built together 


* Transactions A. 8. M. E., vol. vii., p. 549, No. 213. 
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would be little if any more than a lathe with its countershaft 
and cones, or at least there would be no more difference between 
the two than is at present found between two lathes of same 
nominal size built by different concerns. 

For a number of years I have considered that the time would 
come when each machine in the shop would be run by its own 
motor. This is the ideal method of equipping a shop, and 
when manufacturers build machine tools, each with its own 
motor, so that those who desire may purchase them, the same 
result will follow as with cranes. 

In 1889 the first three-motor electric crane was built, and for 
several years past the electric crane has practically displaced all 
other power cranes, and so it will be with shafting and belting. 

While the cost of power for manufacturing in most concerns 
is smal] as compared with labor, still if there is any chance to 
save even a dollar for coal it should not be overlooked, and 
undoubtedly Mr. Benjamin is right in saying that the saving in 
power will pay for the change. 

The best and most important point made by Mr. Benjamin is, 
that “the question of the advantage of introducing electricity 
hinges not upon efficiency of transmission, but mpan the effect 
on the output of product per man and machine.” 

I have located, and assisted in locating, the machines in three 
different shops, and the trouble there experienced brought the 
subject of electric transmission most forcibly to my mind. I 
have often said, and firmly believe, that there should be some 
kind of an efficient hoist over every machine in the shop where 
work is to be handled weighing over 75 pounds. 

At present this is not done, and cannot be without great 
expense so long as there are belts and shafting in the way. 

Each machine driven by a direct-connected motor will, of 
itself, be more efficient of labor ‘as well as power. 

The shifting of belts from one cone step to another, the 
breaking and mending of belts and the waiting for it to be done, 
and the slipping of belts under heavy cuts, make the output 
depend upon belts and machine, and not upon the man who is 
running it. 

The points which I have tried to make clear are : 

Ist. That the first cost of the complete plant with a given 
number of machine tools would be little if any more with 
electric transmission than with shafting and belts. 
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2d. That the cost of power will be less. 

3d. That the efficiency of man and machine would be greater 
with motor-driven machines. ~ 

4th. That, in consequence of these three points, it follows 
that the product of the plant should cost less. 

Mr. John B. Blood.—As a general proposition, it must be 
said that electrical operation of machine shops must obtain its 


‘benefit in spite of its greater first cost. In almost every case 


there are three transformations in electrical transmissions 
instead of one, as in the case of shafting and belts. In the 
latter there is only the loss in the shafting and its attached 
organs, whereas with electricity the power is transmuted first 
from mechanical energy to electrical energy, and then, with a 
slight loss in the main conductors, it is transformed back to 
mechanical energy, and the cost is to be distributed among 
those three units, which take the place of the single unit, if 


shafting and pulleys with their belting be called one. 


If it should happen that the amount of shafting is unusually 
large, the first cost of the electrical system may run down to a 
point nearly equal to that of the other, but in general, if the 
shop is designed with reference to the transmissive plant, the 
electrical system will cost the more. 

In the latter part of the paper the author proposes two 
generators, one large and one small. Iam reluctant to make 
the statement as a general one, but it seems to me to be poor 
policy to use generators, or in fact any similar machines, of 
widely differing sizes. I know of several cases where a large 
and small generator were put in with the idea of using the 
latter for night work. It would have been a great deal better, 
in my opinion, to have put in three generators and to have 
made them all of one size. 

Mr. A. W. Robinson.—Some four or five years ago the com- 
pany with which I am connected erected a new plant, and at 
that time we made a complete investigation of this system of 
transmission of power. We felt unwilling to tie ourselves up 
exclusively to it without being sure that it would be entirely 
satisfactory. After making such investigations we concluded 
that we could do so with perfect safety. Our conditions were 
somewhat unusual, because we had to distribute our power to 
a number of different shops, and if we had adopted any other 
syStem it would either mean an independent engine in each or 
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the transmission of power to all these various shops by some 
method of mechanical transmission. So, instead of doing that 
we built a power house down in the end of the lot, and planned 
our works without reference to distribution of power in any 
way, and that enabled us to put our buildings just where we 
wanted them and to arrange them to best advantage. We are 
advocates of slow speed; consequently we employ a Corliss 
engine 16" x 42”, running 80 revolutions, belted to the generator, 
which runs at 330 revolutions. I may say that after four years’ 
experience we are entirely satisfied with the installation. We 
have not lost an hour from any fault of the electrical apparatus, 
and although we do not think ‘it is quite as efficient for driving 
a machine shop as the old system, yet the advantages which 
we obtain in other ways are much more than sufficient to 
overbalance that. We think it is indispensable for use in 
our overhead electric cranes, and we also use it for are and 
incandescent illumination. It is of especial advantage also 
in high-speed machinery and those machines which are used 
intermittently. We have some machines which we use only an 
hour or two a day. We have others which run at very high. 
speed, and in these it is especially satisfactory ; and last, but 
not least, the advantage which it gives us of being able to 
distribute the power wherever we want it and at any time we 
want it and at whatever speed we want it, leaves nothing to 
be desired. 

Mr. H. H. Suplee.—The last speaker has emphasized a very 
excellent point—namely, that the different parts of an electri- 
cally driven plant can be designed without reference to the 
power transmission, because it is no more trouble to send the 
power around a corner than on astraight line. That brings up 
® fact which has often been impressed upon me—that most 
large establishments are not designed, they grow; and very 
often they grow along lines which cannot be very well controlled. 
A new building has to be put where there is place for it, and 
the result is that many of the transmissions in which much 
power is lost in the shafting-and-belting method are those in 
which the power has to be transmitted around corners and into 
places which would never have been deliberately planned. I 
think shafting and belting can be made very efficient when it is 
designed beforehand and everything is made to fit it. But the 
great advantage of the electric transmission is that it can be 
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made to fit the situation, and in nine cases out of ten that is the 
problem with which we have to contend. - 

This question is often met when old machinery is to be 
replaced by more modern appliances, and the old transmission 
must be used to drive the new tools. The writer has met man 
examples of this in saw-mill work. The driving shaft of a band 
saw-mill is parallel to the motion of the log, while the shaft of 
a circular mill is at right angles to the ways. "Whenever, there- 
fore, a band mill is put in to replace a circular mill, something 
must be done to the heavy transmission plant beneath the mill 
in order to get the power around the corner. This has often 
led to the use of heavy bevel gearing or wide quarter-turn belts, 
and every one knows how undesirable either of these expedients 
is; and the only alternative has been to tear out the whole 
transmission plant. In some few cases independent engines 
have been used to drive the band mill. 

If the mill is fitted with electric power, however, such changes 
can readily be made, and any desired rearrangement of ma- 
chinery can be made without a thought as to the question of 
transmission. 

Mr. H. C. Spaulding.—I would like to take issue with the gentle- 
man’s remarks as to the proper subdivision of the generating units. 

Some years ago, when the state of the art was very different 
from its present development, it was undoubtedly good policy to 
have a number of comparatively small units, of which one or 
two at a time might be in the blacksmith’s shop for repairs, 
without overloading the rest or seriously impairing the service 
of the plant. 

At the present time, however, and in view of the reliability of 
properly designed apparatus, especially of the direct-connected 
type, there seems to be a disposition to adopt a few large units 
of like capacity, their size being dependent upon the extent and 
nature of the service to be performed, with one smaller machine 
for night work, and running special departments extra time 
when necessary. 

In some cases where there is considerable load fiuctuation 
during the day, one unit of an intermediate size is advisable, 
which may be combined with one or more of the larger units in 
such a way as to have each machine operating at nearly its 
most economical point. This arrangement is conducive not 
only to a saving in first cost, but to economy of operation. 
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The subdivision in smaller units was desirable a few years: 
ago also to enable separate machines to be used for lighting 
and power service ; while improved designs have now made it 
entirely feasible to run lights and motors from the same ma- 
chines and off the same service lines. 

Mr. Jesse M. Smith.—I want to call attention to the question 
of economy in these plants, The average power plant will 
probably not exceed 200 horse-power, and for machine shops 
it will probably be considerably under that. I have made a 
number of tests as to the economy of these plants, and I have 
rarely found a plant having the generator directly connected 
to the engine from which an economy of over 600 watts per 
indicated horse-power was obtained. That represents a loss 
of about 20 per cent. between the cylinder and the brushes of 
the generator. In smaller plants, of about 100 horse-power, 
the net return will be still less, say 550 watts per horse-power. 
After the current is generated it is to be used in the motor. 
Here is another loss in general practice of 20 per cent., because 
the motors are rarely if ever run at their most economical point, 
and the result is that by the time the power is taken from the 
cylinder and applied to machine tool, there is a loss of any- 
where from 30 to 40 per cent. That is probably not exces- 
sive, and a greater loss is often found in transmission by line 
shafts and belting. Of course the efficiency of these plants de- 
pends very largely upon the choice of the motor, the capacity of 
it, and the speed at which it is run. I think a great mistake is 
made in providing motors which are too large for the work which 
they have to do.- I think this is also true as to the generators, 
and it is also true as to the engine which drives the generator. 
I think it is a mistake which is very often made to put too large 
an engine on to the generator. In its average work it is doing 
much less than its economical rating, and the generator is 
capable of greater overloading than the engine. In fact, with 
the modern generator there is no difficulty whatever in getting 
an overload of 100 per cent. if it is not kept on for more than 
five or ten minutes, but when an engine is overloaded 50 per 
cent. it is getting pretty well towards its limit. The same is 
true of motors. The motors can easily be run to over 109 per 
cent. above their general average rating, provided the current is 
not kept on too long. It is simply a question of heating the 
coils of the armature and field. In electric railway practice 
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this question of over-engining the generators is more important 
still. I have made some tests on electric railway plants, and I 
have found that in small plants the maximum load on the 
generator is generally about three times the average load, and 
that the maximum load in the cylinder of the same engine will 
be only about twice the average load. That is because the 
electric load comes on so quickly and goes off so quickly in 
electric railway practice, that the sudden changes of load do 
not get past the fly-wheel of the engine. Here it becomes 
apparent that an engine which is designed for the maximum 
load of the generator is very much too great, so that an engine 
under these conditions is running at about one-third of its 
capacity or less during the average time, and that it will only 
be called upon to do its maximum work for short intervals. 
I say short intervals, because the load will very frequently vary 
in ten seconds from maximum capacity of the engine down to 
practically the friction load. Those, of course, are extreme 
cases, and they are not cases which would hold in manufacturing 
establishments where the load will be more nearly uniform. 
As to having very large generating units, I think it is a mistake. 
T think that the generating units should be divided into about 
three, so that two units can do the maximum work, and leave 
one spare ; but one unit will generally do the average work. As . 
to the speed of the generators, there is very little difficulty at 
present in getting multipolar generators which have a very 
moderate speed. There is no difficulty in putting them directly 
on to the shaft of a Corliss engine running at from 80 to 100 
revolutions a minute. Of course the output of a generator is 
proportional to its speed, and if it is run at a higher speed 
more work can be taken out of it, directly proportional to its 
speed. But the cost of multipolar direct-connected generators 
nowadays is no more than the belted bipolar machines used to 
be, and in getting estimates for belted and direct-connected 
machines it has been my experience within the last year that 
the direct-connected machines are really the cheapest in first 
cost without regard to the engines. 

Mr. William Kent.—Mr. Smith has just stated that a dynamo 
can be run as low as a Corliss engine on the same shaft; that is, 
80 to 100, I understand. I would like to know what is the 
opinion of those experienced in Corliss engines as to what 1s 


the proper speed of that type of engine. It used to be considered 
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that 60 was as fast as the Corliss engine ought to be run, and 
that the system of dash-pots and trip devices would not allow it 
to be run faster. Then it got to be 70 to 80, and then with some 
engines it got to be 100, while for nearly twenty years past a 
Cozliss engine has been running at about 150 revolutions at 
Trenton, N. J. (see vol. ii, p. 71, of the Transactions). I would 
like to know if there is any reason to-day why we should keep 
the Corliss engine down to 80 revolutions. 

Mr. John Fritz—I would like to ask Mr. Kent why they ran 
the Corliss engine he speaks of at 150 revolutions. 

Mr, Kent.—Because they had work to do which wanted that 

wer. 

Mr. Jesse M. Smith—I can say this, that in getting estimates 
for power plants within the past year where the Corliss engines 
were obliged to compete with the high-speed engines, the Cor- 
liss builders have not hesitated to recommend a speed of 90 
revolutions for engines of 400 horse-power. One of the promi- 
nent builders offered to go to a speed of 125 revolutions a min- 
ute, and give the same guarantees as to the life of his machine 
as the others, but he wanted a special price for doing it and 
special appliances for dropping his valves. 

Mr. Fritz.—The speed depends a good deal on what it is 
applied to and on the circumstances surrounding it. If you 
‘want to drive a train of rolls direct, the engine must run a given 
number of revolutions per minute, and should be so designed. 
As to the engine at Trenton the reason for high speed was, as I 
understand it, that the engine was short of power, and they ran 
her up to get the power out of her that was wanted. 

Mr. A. A. Cary.—I believe that Mr. William Sweet, of Syra- 
cuse, designed vertical engines of the Corliss type, having the 
old slipper motions, to run his rod mill. They were run at 
speeds of 125 to 150 revolutions, and have been operated very 
successfully at that speed for a number of years. 

Mr. Francis Schumann.—I can throw a little light on this 
Trenton engine. I have often watched its performance with 
great interest, and have known it to run one hundred and sixty 
(160) revolutions. Considerable alteration of detail was neces- 
sary before this speed was attained with any degree of satisfac- 
tion, such as crank end of rod and valve gear; considerable 
repairs and renewals of parts were necessary about every two 
years, if I remember rightly. 

57 
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The demand for this high speed .was imperative, and the 
desire to use a high-standard engine naturally led to the Corliss, 
then one of the few engines of that class in the market. 

Mr. William Hewitt, a member of this association, contrib- 
uted a most interesting paper upon this engine some years 
since, which will be found in our J’ransactions.* 

Mr. Thomas C. Perkins. would like to make a few remarks 
as to the present practice of speeds in operating Corliss engines. 
I have found that the same is, for large engines, for direct-con- 
nected electric railway service, fitted with the Corliss type 
releasing valve gear—from 80 to 100 revolutions per minute. 
Few Corliss builders recommend a speed of 125 revolutions, 
though in a few instances engines have been put in operation 
at this speed and over with fair results. Take the third rail 
power station at Berlin, which we are to visit to-morrow ; there 
you will find two Greene engines running at a speed of 100. 
These, however, are hardly, strictly speaking, of the Corliss 
type. Speaking of the Corliss engines particularly, I know that 
the Rice & Sargent Engine Company, of Providence, have only 
recently started up with great success a large vertical Corliss 
cross compound engine of about 1,000 horse-power in a mill at 
Lawrence, Mass., which is coupled direct to the line shaft, at 
the other end of which is a water wheel. This engine runs at a 
speed of 160. However, the valve mechanism of the high-pres- 
sure cylinder is fitted with a steam-closing attachment, while 
the low-pressure cylinder has a fixed cut-off—regulated by 
hand. Through my connection with some of the largest engine 
builders, I feel safe in venturing to say that the general practice 
for operating Corliss engines for railway service is not over 100 


revolutions. I am told, however, that the Allis Company are 


offering engines for this service for a speed of 115. 

Mr. W. B. Smith Whaley.—I will not go into any particulars, 
but will simply make a few general remarks which may be of 
interest with regard to some experience which I have had in 
cotton mills driven by electricity. ; 

I studied very carefully the figures of electrical driving, and 
at first thought that I could not afford to adapt it, because I 
could not convince myself that it was economical ; but being 
met more than half-way by the company furnishing the current, 


* “Continuous Rod Mill of the Trenton Iron Company.” Transactions, vol. ii., 
p- 71, No. 25, 
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I was induced to adopt it as the motive power of one of my 
mills. 

_ I have two mills operating the same amount of machinery as 
far as the power required is concerned; one with steam, the 
other with electricity, as motive powers. In the steam mill the 
cards from the engine show an average of 530 horse-power, and 
in the electric mill the meter shows an average of only 440 horse- 
' power for the same work. There is a difference of 90 odd 
horse-power, a very remarkable showing in-favor of that method 
of driving the mill. 

The electric mill is arranged for motors of 150 horse-power 
each, and at present is divided into four units aggregating 600 
horse-power, and I certainly thought that I would require as 
much power in one mill as in the other. There is a very 
remarkable gain shown in the electrical mill which is due to the 
method of operating it more economically with the subdivision 
of the power by motors; and this is shown very clearly on 
power curves which I am keeping from day to day at both mills. 

The difference in the power required to drive the mills is 
greater than the amount ordinarily allowed for shafting and 
engine friction; but at present I am unable to state exactly 
where. this is, but think it can be largely accounted for in 
shorter and lighter shafting and the absence of heavy belting, 
ropes, and cumbersome head gearing, together with engine 
friction. 

I have been operating the electric mill for about six months, 
and the steam mill twice as long, and hope later to give more 
facts on the subject that will be of interest. 

Mr. Oberlin Smith—I think one of the most remarkable 
things for us to consider in general on this question is the 
present status of the question itself, compared with what it was 
five, six, seven years ago, or even two or three years ago. I 
know that for several years, even at the risk sometimes of being 
thought a little cranky, I have preached individual motors 
versus shafting, at first not with entire confidence in my own 
intuitions, but growing more confident all the time. It is nota 
matter of ancient history that in getting up in an engineering 
meeting to talk about motors versus shafting, one felt that he 
was the “under dog.” It certainly seems to me, by the way the 
talk goes this morning, that the steam electricians—if I may 
call them so—who used to get up here and advocate shafting, 
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and all that, are entirely absent, and if they were here would be 
“under dogs.” The thing has turned around, and the una- 
* nimity of opinion in the paper itself, in the written replies to it, 
in all the verbal replies here, bearing all one way, is certainly 
remarkable—simply as showing the development of the idea of 
distributing our power in this beautiful and simple way, through 
wires running around corners, and up and down stairs and any- 
where; enabling us to put our machines in any position; to 
control our power at any time, and not compel us to use it when 
we do not want to use it; to control our speeds, and to get sucha 
large number of speeds on machines such as lathes and drills 
instead of the few we are now limited to. The whole movement 
is phenomenal. It is going faster than some of the most hope- 
ful of us a year or two ago could reasonably have expected. 
The objections still seem to consist chiefly of two things— 
the first cost of the plant and the cost of running it. It is true 
probably that the first cost is greater, but it is not nearly as 
great as it was a short time ago; and all of us who know some- 
thing about manufacturing machinery with special tools on a 
large scale, know that motors suitable for driving lathes and 
drills and looms and other small machinery, motors all the way 
from one-quarter to ten horse-power, can be built as cheaply if 
they are built in quantities, after a while, possibly, as sewing 
machines and guns in proportion. At present we know they are 
not built that way, and this will account for the high cost. But 
with their further development and with the larger introduction 
of these motors the supply will come more cheaply as the de- 
mand increases, so that in a very few years it will become too 
little to be an important element in the question at all. Re- 
garding the other matter of the cost of running, the relative 
amount of power employed by the two systems seems to me 
hardly worthy of consideration when applied to such places as 
machine shops. According to the author of this paper, Pro- 
fessor Benjamin, the power in a machine shop is from, say 2 
to 5 per cent. of the cost of the labor, and only about 1 per 
cent. of the total expense. I do not know how near the figures 
are right. But supposing they are 100 per cent. wrong, sup- 
posing it is 2 per cent. instead of 1 per cent., supposing it is 3 
per cent. of the total expense, what is such a small fraction of 
the whole expense of the shop? Is it worth considering whether 
shafting would be 2 per cent. and electric transmission 1, or 
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shafting would be 1 per cent. and electric transmission 2, or 
anything of that kind? We do not care about so small an 
element. What we do care for is the great convenience and 
all the great advantages which the current-driven system has. 

Something has been said here about the Corliss engine and 
the difficulty of getting high-speed generators directly connected. 
Of course we must not think of anything in the future but direct 
connection. We not only want to get rid of our belts to our 
individual machines, but at our generators. We do not want 
any more belt-driven generators. We want every one on the 
shaft of the engine, whether that shall be a Corliss engine run- 
ning comparatively slowly, or whether it be a little “high- 
speed.” In the former case all we have to do is to increase the 
diameter of our armature, as Ferranti did in his great plant in 
London, where he boldly jumped to 42 feet. This principle is, 
of course, easily applied, and only requires the electrical engi- 
neer to adapt himself to the circumstances and make his gener- 
ator to suit his engine. The whole thing is evolving beauti- 
fully just in the right direction. On the other hand, if we are 
coming to steam turbines, which begins to look likely, all we 
have to do is to design our generators with small diameters to 
suit the tremendous speeds involved. We must, however, get 
rid of the fault of gearing down, and must run our turbines as 
slowly as needed for the highest speed of generator which is 
practicable. 

After all this talk I feel a good deal happier in being pro- 
*phetic than I used to. But we must remember the whole thing 
is still in a chaotic state. When we visit some of the “show- 
shops” referred to we are apt to be disappointed. We find 
short pieces of shafting and belting and then a motor on a ma- 
chine, and then one belted to a machine. They are apt to say, 
rather conservatively, that they have not quite got to all indi- 
vidual motors yet. This will gradually take care of itself, and 
as the motors become adapted to their environments the belts 
will disappear. The trouble is, that in using a mixed system, 
they are trying to get the good of both systems and get a good 
deal of the bad of both. 

To my mind the future ideal shop will be absolutely clear of 
shafting and belting, and the motors will be adapted to all 
the machines. Then we will have the benefit of bright light 
from above, entirely clear head-room, and overhead cranes every- 
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where. These will not, perhaps, be limited to as heavy a load 
as 75 pounds, as has been mentioned, but should be used for 
50 pounds. Wherever a man has to lift 50 pounds and take it 
down frequently, he had better have a light electric crane 
especially adapted to the work than to waste time tiring him- 
self out. The general advantage when we do have this electric 
current for the machines and cranes, and also for light, and 
‘possibly for heat, will be manifest; we will have a perfecily 
simple system driven by one generator af one speed near the 
centre of the plant, with wires radiating to outlying buildings 
and reaching all possible positions. A little incidental advan- 
tage in machine shops will be with planers, which will not 
have to stand all crosswise to the lathes, which are lengthwise. 
This new system does away with all that. We put our machines 
where we want, and set them diagonally or any other way, and 
we have everything at perfect command in regard to future 
changes of position. 

Mr. Spaulding.—In 1890 a paper was presented on the adap- 
tability and economy of electric motors for transportation pur- 
poses ;* and the few enthusiasts in favor were quite thoroughly 
suppressed by the majority of the gentlemen present, the general 
feeling being that horses were much more economical than 
. motors for running street cars on lines of considerable extent, 
while the possibility, or rather advisability, of equipping cars 
with motors for heavy service on long-distance roads was pro- 
nounced entirely out of the question. We know what has been 
done since the date referred to in this line of work; and I 
. eannot help feeling that another nine years will show the pres- 
ent consideration of electric power transmission for manufactur- 
ing plants to have been somewhat akin to that of the. Cincin- 
nati meeting, so far as its prophetic character is concerned. 

Referring to the tendency to provide generators of too large 
capacity in comparison with the engines operating them, Mr. 
Smith will be interested in a plant which has been recently 
put in operation, in which the engineers specified that the 
generators should have an overload capacity of 50 per cent. 
without sparking at the commutators. When the formal test 
was made, it was found impossible for the engines to carry 
more than 20 per cent. overload, so that in this case, at least, 


* « Working Railronds by Electricity,” by Willis E. Hall. Transactions, 
vol. xi., p. 89, No. 190. , 
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there was no trouble about having engines‘too large in pro- 
portion to the dynamos. In this plant it is interesting to 
know that there are operated from one set of bus bars, at 220 
volts, more than 1,000 horse-power of motors, ranging from 10 
to 100 horse-power each, about 400 incandescent lamps, and 
60 Manhattan enclosed are lamps—there being no apparent 
fluctuation of the lights when the largest motors are thrown 
in or out of circuit. 

The President.—I am pleased that Professor Benjamin does 
not take an extreme view, and that he sees more than one side 
of this subject of electrical transmission of power in machine 
shops. The question is one of great importance, the details of 
which must be settled by each manufacturer in accordance with 
the conditions which prevail in his own shop. Both sides of 
the question having been so well considered by Professor 
Benjamin, and in the discussion, we will trust that a wise con- 
clusion may be reached by any manufacturer who is providing 
new means of transmission of power, or is anticipating the 
rearrangement of present devices. I am very glad that the 
question has been brought up and so fully discussed, and yet 
we cannot at this time reach a final conclusion which will apply 
in all cases. 
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DCCXXXIX.* 


A METHOD OF SHOP ACCOUNTING TO DETERMINE 
SHOP COST AND MINIMUM SELLING PRICE. 


BY H. M. LANE, CINCINNATI, 0. 
(Member of the Society.) 


Tuis subject was treated in a former paper, the principal object 
of which was to present and explain a tabular weekly or monthly 
statement by means of which the organization and expense of a 
concern can be kept in balance with production. The tabulation 
being based upen an annual estimate which, conditions remaining 
unchanged, affords a means of determining a selling price. The 
selling price as ascertained embraced, among other items, percent- 
ages added to labor and material sufficient to at once yield a pre- 
determined profit. This use of percentages was not urged as 
being desirable, and they were used by way of illustration in 
explaining the central idea of progressive periodical tabular state- 
ments. With a view to conforming to the best practice. of our 
largest and best shops in their methods of handling the details 
entering into the estimates and statements, information was asked 
from, and cheerfully furnished by, the heads of about forty con- 
cerns in different branches of the machine business in widely sepa- 
rated localities. By one it was suggested that this is a commercial 
and not an engineering question. But as a mechanical engineer 
without the commercial instinct would be unable to earn enough 
to pay his dues in this Society, it is assumed that all members in 
good and regular standing possess that instinct and consider the 
subject germane to the objects of our organization. It is gratifying 
to note that as a rule the larger and more prosperous the concern 
the greater the interest in the subject and the fuller the answers 
to inquiries as to their methods. One manufacturer relates that 
he-can never reconcile the profit on any or all articles manufac- 
tured by his company as figured by their method and their bank 
account at the end of the year. Another incidentally proves in 


*Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Zransactions. 
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stating his method (?) that small work cannot be as cheaply pro- 
duced in a large as in a small shop even when the general expense 
is already met by the large work. Another remarks as to deter- 
mining selling price: “Oh, we let the other fellow do that.” 
Subsequent inquiry, however, showed an accurate knowledge of 
the difference between the shop cost of the correspondent’s goods 
and the “other fellow’s price.” The questions upon which in- 
formation was sought might be considered delicate and rather as 
an intrusion into matters which might properly be considered con- 
fidential. Desire for anything of this nature, however, was dis- 
claimed, and the belief stated that the fullest discussion and widest 
publicity given to accurate information of this nature could result 
in nothing but good to all manufacturers, benefit invested capital, 
and serve as a protection against competition based upon igno- 
rance of cost in its broadest sense and in the long run. This view 
was acquiesced in, and it was admitted that the very best infor- 
mation on the subject is at least one possession, however dearly 
bought, that may safely be put in the hands of every competitor. 

The following method is obtained by selecting and re-grouping 
from the best practice those features which seem most desirable. 
Shop cost is the sum of 

1. Producer’s labor ; 

2. Cost of material, including freight, hauling and waste ; 

3. Plant charge ; 

4. Burden. 

The items producer’s labor and cost of material require no 
explanation. 

Plant charge is an hourly charge for machine tools independent 
of, and in addition to, the hourly charge for operator, and covers 
interest and depreciation on the value of the particular tool and 
the tool’s share of the entire cost of power and power distribution, 
and in shops using tools varying greatly in size, value, power 
required, and amount of transmitting, machinery involved will be 
found to vary from less than one cent to over forty cents per 
hour. This hourly tool charge, when once established, is not likely 
_ to vary materially, and it is listed and used by the cost clerk in 
the same manner as the hourly rate of a workman, 

The “burden,” an appropriate term met with only in the reply 
of Fraser & Chalmers, is the sum of all expense chargeable to 
the shop except producer’s labor and material. The total for any 
given period, divided by the number of producer hours for the 
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same period, gives the hourly burden or the number of cents to be 
added to each producer hour. These four items give “the cost 
up to the office door,” and to which is added a percentage cover- 
ing all office expense, including advertising and other costs of sell- 
ing. This, then, is the minimum selling price, the price of bare 
existence without profit, and to which finally a further addition is 
made, depending upon circumstances for profit. A slight modifica- 
tion, however, is practised by many, viz.: the adding of office 
expense to shop expense and including it directly in the burden. 
A refinement rarely practised distributes the burden unequally to 
departments as records or judgment warrants. 

In no communication received is any reference made to a 
merchant’s profit on material or merchandise.. That this should 
be recognized and treated as a specific item seems reasonable. 
Another item not met with is interest on working capital. The 
large sums tied up in raw material, finished and unfinished work, 
and deferred payments, justifies a specitic charge. 

It would be interesting and profitable to devise a tabulated 
annual estimate by departments, and a montlily form of statement, 
by which actual and estimated receipts and expenditures by de- 
partments could be compared as the year advances, after a method 
similar to that described in the former paper referred to, but 
based upon the items and methods herein described. 

The presentation by members, of any forms relating to this 
subject, would be thankfully accepted by many who are seeking 
to improve their methods. 


DISCUSSION. 


Mr. F. A. Schefier.—I have not devoted any time during the last 
three or four years to this question, but I have been interested in 
doing a little dreaming about what would happen to some of the 
- manufacturers of machinery in the line of engines, boilers, etc., 
and other heavy machinery, who wanted to go into the business 
of manufacturing electrical apparatus, not having had any pre 
vious experience in that line. There is one concern in particular 
which I have in mind. I told some friends about two years ago, 
when they were going to start in that line, that I would give them 
just about two years to wind up all the money which they had 
invested and some more, besides, if they did not look out very 
carefully to see that they did not apply to the cost of manufactur- 
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ing electrical apparatus the same percentage. of shop cost which 
they had applied in engines and in the heavy machinery which 
they were making. In about two years they reorganized and 
tried to get a million dollars more capital. They are now, I be- 
lieve, manufacturing electrical apparatus of very fine quality, but 
they are still selling very much below other parties dealing in the 
same line of goods. But they have discovered evidently that they 
cannot apply the same shop cost used in manufacturing steam 
engines and heavy machinery to electrical manufacturing, 

Mr. James Havtness.—This paper, presenting as it does the 
kernel of a voluminous correspondence, reduces to a few pages, by 
a hand that has long been recognized as one of America’s ablest 
machine-shop managers, a matter of inestimable value. 

I know of many who have travelled long distances to hear the 
discussion in and out of the meeting. 

I wish to suggest one form of Mr. Lane’s plan which seems to 
me most applicable to machine shops which build engines, or ma- 
chine tools in medium sizes. Let the plant charge cover only the 
interest and depreciation on the machine tool used, and all the 
rest excepting selling expense go into the burden. The burden 
should also include depreciation on idle machinery and interest 
on all capital excepting that invested in active machinery. 

The interest can vary from 3 per cent. upward, according to 
the risk of capital invested, and the depreciation from 5 to 50 per 
cent., according to the progress made by builders of more efficient 
machines. 

Mr. Oberlin Smith—It may be of interest for me to relate 
briefly a little experience in the way of getting at an expense 
account. We long ago, in the concern with which I am iden- 
tified, gave up the idea of adding a percentage of total cost 
to labor and material, as some do, but always practised adding 
a fixed rate per hour of labor, no matter what priced labor 
it was, as others do. We simply take the total running ex- 
pense, including 6 per cent. interest on total plant valuation, 
taxes, insurance, bad debts, advertising, travelling, salaries of 
non-producers, general depreciation, repairs, office expenses, fuel, 
oil, lighting, heating, etc., and make one expense account of the 
Whole. This, divided by the total number of hours made in a 
year by all the producers, gives an expense rate per hour, which 
is added to each producing man’s or boy’ slabor. It has usually 
proved to be 20 to 25 cents an hour in a shop having from 75 
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to 150 hands, but to make a safe rate we have been in the habit 
of calling it 25 cents an hour. The theoretical way is to take 
the last year’s expense rate, as proved by statistics in the books, 
and use that for the following year. If it isa man earning 45 
cents an hour, adding the 25 cents would bring it up to 70, elc.; 
but the average labor in ordinary machine shops is perhaps about 
20 cents an hour. Adding to this 25 cents, brings it to 45. It 
may therefore be said that, including commercial expenses (where 
they are not excessive or remarkable in any way), the cost for 
each man, with the tools he uses, is about 45 cents an hour. Hence 
if we add ebout 10 per cent. profit, we get the traditional 50 cents 
an hour which the machinist is supposed to charge, and which 
customers, of course, growl at as a tremendous sum. 

Mr. C. W. Hunt.—I wish to call attention to the defect in some 
systems of cost accounts which are now in use. Since 1890 I 
have paid greater attention to our cost accounts, at first using the 
ordinary method of adding a percentage to the cost of labor to 
cover the expenses of the shop. One of the early defects I dis- 
covered in the system was that we were not putting any percent- 
age whatever on the raw material. This soon proved to be a 
serious defect, as our business is such that we frequently had 
orders for material which we purchased, and on which no work 
was done. This discovery resulted in modifying our accounts and 
adding to the purchase cost of the articles an amount which we 
estimated would cover the expense caused by them, such as 
receiving and storing them, issuing orders, and shipping them 
when so!d, and interest during the time we hold them, so that if 
our business should gradually change from a manufacturing 
business to the supply of these articles on which we do no work, 
we would still be selling at a price which would pay the expenses 
of the establishment. We tried so to subdivide our total expense 
account that we could apportion to the materials the expense 
caused by their receipt, handling, and delivery, and the remainder 
to ordinary machine work, so that every division of our business 
will pay the expense which that part of the business costs. 

I would be glad to furnish to any one who cares to look into 
the subject any information in my power as to our general 
method of cost accounts, and to furnish the forms which we have 
adopted. 

Mr. Harry C. Francis.—1 want to say one word on this sub- 
ject. I represented for many years a well-known machine tool 
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firm, and in their interest visited the leading manufacturing con- 
cerns throughout the world. Among other things, I was required 
to report upon the manufacturing cost, so far as it was possible 
to ascertain it. 

When I engaged in business for myself, profiting by my expe- 
rience, I simplified the cost question, and followed substantially 
what Mr. Hunt has just stated they have adopted. 

First—A percentage was added to all purchases. 

Second—An average rate was fixed for all labor of fitters and 
assistants. 

Third—An average rate was. made for all machining. 

The total of these three represented factory cost, to which we 
added percentage for general expense and profit. This made our 
price. 

With regard to the fact whether the articles would sell for this 
price, we were forced to do as has been stated in one of the papers 


read: “ Let the other fellow fix the prices,’ and we came as near 


to them as we could. Thé fact remains that, following this 
simple, inexpensive, and accurate system of determining the cost: 
“we have lived and prospered.” 

Mr. Henry L. Gantt.—Mr. Hartness has brought up one very 
interesting question—namely, if you run a tool for only a few hours 
in the week, what are you going to charge for it? It is a little 
difficult to figure exactly what the price of the tool should be if 
you run it for only a small proportion of the time. It has been 
decided in several cases by taking the previous year’s run, and 
figuring the expense of running the tool for the whole year, and 
then dividing it by the number of hours it ran, and fixing that as 
the rate per hour for next year. This is probably as accurate as 
any other method. 

Mr. Oberlin Smith.—The tool might be running only one- tenth 
of the time. It would be occupying shop room. The shaft over- 
head would be running, grinding its energy into friction, and the 
tool would have to be looked after somewhat, and, too, it would 
be becoming obsolete. Such a tool costs a good deal more than 
one-tenth as much as a tool that is running a whole year. In the 
long run, I think, it is better to average things up all round and 
take one uniform rate, thus having the accounts as simple as 
possible. 

‘ Mr. H. H. Suplee.—This question brings to my mind the fact 
that sometimes you can elaborate your cost account system so 
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much that its own cost becomes material, and that the expense 
of keeping these accounts is sometimes more than they are worth. 
There is one establishment of which I have heard where it is 
said they can tell you exactly what it costs for a man to go from 
a lathe to the grindstone and sharpen a tool; but the information 
costs more than the price of the tool. I think you must look out 
not to get into that error. . 

Mr. Gus. C. Henning.—I know of a case where the contract was 
let to five men, and the rate was one-eighth of a cent a man. The 
total value of the contract was five-eighths of a cent. That could 
not be carried on the books, so it was raised to one cent, and the 
contract was never turned in. I have it, and am going to furnish 
it to the Society. It is a well-known fact that in that establish- 
ment the cost of making out a contract ticket is probably five 
cents before it gets through the bdoks and is accounted for at the 
end of the year? Therefore there is a net loss on that contract of 
four and three-eighths cents. The work was done, however. 

The President.—I will quote what I heard one clear-headed 
manufacturer say on this matter of figuring the expense account, 
which is always a difficult one, for many a manufacturer thinks 
he is making money, while at the same time his bank account is 
being depleted, and in a short time bankruptcy stares him in the 
face. The manufacturer of whom I speak expressed it by saying 
he would “charge to the expense account everything for which 
he could not send a bill.” Suppose a man came into your shop 
to get an hour’s work done, if you figured by Mr. Smith’s method 
there might be many things left out of the account, and the 
amount charged might be less than it really cost; but if you 
charge to your expense account all you cannot send a bill for, and 
add this to the time charged to the work, together with the stock 
and a fair margin for profit, you may—if you judiciously continue 
business on this basis—be able to take your family on occasional 
trips to Europe. 

Let us for a moment see what, by this rule, must be charged 
to the expense account. First, all of the office salaries and 
expenses, to which you may add salaries of travelling men and all 
travelling expenses ; next, go in the shop and charge salaries of 
superintendent, mechanical engineer, foreman, storekeeper, engi- 
neer, casting cleaners, helpers, and sweepers ; to this long list we 
must add all supplies which are used up or consumed in the pro- 
cess of manufacture, such as coal, oil, waste, files, brooms, ete., 
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not forgetting interest on investment, depreciation of plant, insur- 
ance, taxes, ete. The sum of all these items, kept for a year, 
make a total which, divided by the number of hours of actual 
producers’ labor, gives the shop expenses per hour. This sum, 
added to average cost of producers’ labor per hour, gives, as is 
evident, the cost per hour to the manufacturer. 

I am confident, gentlemen, that any of you who have not kept 
accurate account of these items for a year will, on trying it, be 
surprised to see how much there is for which you cannot directly 
send a bill, all of which must be provided for in order to insure 
success. 

Mr. Suplee.—I think you strike a most important problem, Mr. 
President. As a matter of fact, the real trouble with society at 
the present time is that the producers are carrying on their shoul- 
ders all the work for which we can send no bill, bearing all the 
expense of the non-producers, and that accounts for the disor- 
ganized social conditions all over the world—standing armies and 
the like. 

Mr. Kenté.—One of the rules for charges for any manufactured 
product is the rule of the railroads-—charge all the traffic will 
bear. 

Mr. Oberlin Smith.—The rate I spoke of, 25 cents an hour, the 
labor averaging about 20 cents, is pretty safe to run with under 
ordinary conditions. The matter the President mentioned about 
the items that you cannot send a bill for—they all come in that 
25 cents an hour and are thoroughly covered by it. There is 
another thing which we ought to remember: It is not everything 
we send a bill for that we get money for. Thatis one of the reasons 
why, sometimes, these accurately kept accounts do not agree with 
the real statistics of the business. There are a great many things 
which have got to be put in an expense account, consisting of not 
only bad debts, which I have already included, but some appar- 
ently good debts with depreciated faces—where things come back 
to be repaired, or are remodelled for some reason, or are subjected 
to an afterward claimed discount, etc. These things depreciate 
the amount which one thinks one is getting. 

Mr. Kent.—I wish to take issue with the statement that the 
selling price is the average cost. In the case of an article made 
by three manufacturers, costing them respectively 50, 75, and 100 
cents, in dull times the average selling price will be about 95 
cents. If one man makes it at a cost of a dollar, he will sell it at 


> 
y 
; 
a 


900 A METHOD OF SHOP ACCOUNTING 


95 cents for a while rather than stop his works and incur a greater 
loss. The man who makes it at a cost of 50 cents takes his profit 
of 45 cents and says nothing about it, while the average man, 
who is making it for 75 cents, is complaining of hard times and 
cut prices. 
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DCCXL,* 
FLUE GAS ANALYSES IN BOILER TESTS. 


BY R. 8. HALE, BOSTON. 


(Associate Member of the Society.) 


I po not lay any claim to being a chemist, but, as I have had 
some experience in the application of gas analysis to boiler 
testing, I have thought a description of a few of the devices and 
methods which have been found useful might be of value to the 
Society. 

The importance of gas analysis in pointing out the reasons for 
good and bad performances in boiler testing is so well known 
that a description of methods which simplify the process of 
obtaining the analyses needs no apology. 

The illustrative tests given in the appendix, two of which 
were made by Mr. Barrus, also contain information which I 
think is of value. 

I am indebted to Mr. Barrus, to Professor Schwamb and 
Dr. Gill for many of the methods and devices described. 


Place for Collection of Gases. 


The most essential point is to collect the sample at the same 
place in the flue where the temperature of the gases is meas- 
ured; and it is, of course, very desirable both to collect the 
gases and to take their temperature as soon after they leave the 
boiler as is possible, in order to avoid leakage of air and cooling 
by radiation. 
In order to get a fair sample we must consider variations of 
composition at different points in the flue (local variations), 
and also at different times. 

The local variations are not often caused by the difference of 
composition of the gases from different parts of the fire, since 
the gases are pretty well mixed by the time they have passed 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the 7ransactions. 
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through the boiler. Instead, the variation in quality at differ- 
ent points of the flue generally arises from air leakage through 
the boiler setting or into the flue. 

Hence, with many tubular boilers, vertical or horizontal, 
especially if provided with a tight iron flue, the gases may be 
collected at almost any point beyond the bridge; while with a 
water-tube boiler with brick settings considerable discretion 
must be exercised. 

Having determined on the place of collection for any particu- 
lar test, we may next consider 


The Collection Pipe Inside the Flue. 


This may be iron, unless the gases are hotter than 700 degrees 
Fahr. If they get hotter than that the iron affects the percent- 
age of carbonic oxide, and either a porcelain, glass or platinum 
tube should be used, or a water-jacketed tube. The porcelain 
and glass are fragile, and the platinum expensive. I have used, 
when collecting gases just above the fire, a water-jacketed tube, 
brought to my notice by Dr. A. H. Gill, of the Massachusetts 
Institute of Technology. This, however, involves a current of 
water. 

The collection of samples of gases above the fire, or at the 
bridge wall, in addition to the samples collected in the fiue, 
gives important information 2s to the air leakage through the 
boiler settings, and is now common in European tests. It has 
also been done for some years in the boiler tests at the Massa- 
chusetts Institute of Technology. 

_ If an iron tube is used, it is well to drill it full of small holes, 

not larger than }-inch, but this is not necessary. Care must be 
taken when inserting it through the flue walls not to allow any 
air leakage at the point of insertion. A convenient method, if 
the flue be iron, is to drill and tap a }-inch hole in the flue. 
Then take a }-inch pipe, cut a long thread on it, and screw it 
through a }-inch by j-inch reducing coupling, and screw the 
latter on to a }-inch short nipple. The collecting pipe may 
now be connected to the }-inch pipe, and the whole inserted 
into the flue and screwed into the }-inch hole (see Fig. 299). 

The j-inch pipe outside the flue is now connected to a metal 
pipe leading to a convenient place for the analysis. j-inch iron 
pipe may be used, but I generally prefer to carry around some 
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j-inch lead or tin pipe, and to use that, as it is more convenient 
and the joints are safer. Lead pipe is the cheapest and easiest 
to handle, but it is rather heavy. Tin pipe, which costs rather 
more, is much lighter. I have used a small amount of it with 
success, and shall ‘probably try it _when the lead pipe needs 
renewing. Rubber pipe acts 
on the gases, and should not 
be used if lead or tin is avail- 
able, but the joints between 
the iron and lead pipe, or be- 
tween two pieces of lead pipe, 
may be made with j-inch rub-: 
ber tubing. Such joints should 
be as short as possible, and 
the rubber should be wired 
on. The pipes are led to a 


Fig, 291.—Orsat’s Gas APPARATUS. 


convenient place for the gas apparatus, which must not be 
exposed to quick changes of temperature. -Hence the place 


must not be exposed to draughts, or to the radiation from the — 


fire when the fire door is opened, otherwise almost anywhere 
around the boiler-room will do. It is convenient to have a table 
or box about four feet high on which to set the apparatus. A 
box on top of two barrels is often used. 


Apparatus. 


The Orsat apparatus is generally considered the best (Fig. 
291). This is bought from any dealer in chemical supplies. It 
is composed of a measuring burette B graduated to 100 cubic 
centimetres, of three or four pipettes P filled with reagents 
for absorbing the gases, and of a levelling bottle A filled with 


water for drawing the gases back and forth between the burette 


and pipette. 
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The points which I have found desirable are : 

First—Have rubber connections and pinchcocks at g, /, e, 
etc. Most of the apparatus sold have glass stopcocks, and 
although glass is slightly more accurate, and possibly better 
for laboratory use, it is far too fragile for the boiler-room. 

Second.—Have a second connection either at d or just inside 
the case, which can be closed with a short piece of rubber tube 
and a pinchcock, as shown at d. 

Third—In my own practice I prefer to use an Orsat with 
four pipettes instead of three, two being for cuprous chloride. 
This is not usual or necessary, but I think it pays, for the 
reasons stated below. 

Cost.—All the apparatus described in this paper, and reagents 
for a series of tests, can be bought for $30 or less. A second 
Orsat costs about $18 more. 


Preparation of Reagents. 


Caustic Potash.—Dissolve one part by weight of caustic potash 
made by the lime process in two to three parts of water. The 
caustic potash must have been made by the lime process, as 
that made by alcohol is apt to give rise to errors when analyzing 
the gases. 

Caustic Soda.—If ietiond, soda may be used instead of potash. 
It is cheaper, but slower. Fill one pipette with the above 
solution. - 

Pyrogallol.—Take about 5 grams of pyrogallic acid (which is 
a snow-like powder) and wash it into the middle pipette with 
the-solution of caustic potash above described. A 2-inch glass 
funnel filled even with the brim holds about the right quantity 
of the pyrogallic acid, in cas¢ scales are not at hand. 

Cuprous Chloride-—Make up a stock botile by taking 2 ounces 
of black copper oxide, 1 quart hydrochloric acid (commercial), 
and 4 pound copper wire, and put them in a bottle with an air- 
tight (rubber) stopper. Let stand until clear, which takes 
about ten days, when it becomes ready for use. The pipette 
for cuprous chloride is the one with copper wire in it. 

Fill the pipette from the stock bottle and then add more acid 
to the stock bottle, and if it seems to be needed, more copper 

_ wire or copper oxide. In this way a constant supply may be 

kept on hand. The cuprous chloride is the only reagent which 
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must be prepared previous to the test, as the others can be car- 
ried.around in the solid form and made up in the boiler-room. 
For more complete directions as to preparation of reagents, 
etc., see Gill on “Fuel and Gas Analysis” for engineers, pub- 
lished by John Wiley & Sons, or any good book on gas analyses. 
When prepared as directed, the caustic potash pipetteful may be 
used to absorb 4,000 cubic centimetres of carbonic dioxide, 
the. pyrogallol to absorb 200 cubic centimetres of oxygen, and 
the cuprous chloride to absorb 80 cubic centimetres of carbonic 
oxide.“ When the solutions have been used to this extent they 
should be renewed. With a little experience the reagents can 
be prepared by measure with sufficient accuracy, so that it is not 
necessary to carry around weighing scales. 


Collection of Samples of Gas. 


The simplest method of collection is as follows : 

Connect the lead pipe from the flue tod on the Orsat. If 
there is no second connection on the Orsat make one on the pipe 
by putting ona tee close to the Orsat. (Lead and glass tees can 
be bought of any chemical dealer, or the former made by any 
plumber.) Now open the second connection and lift A until the 
burette B is filled with water. Open the pipe to the flue, close 
the second connection, lower A, and gas will flow through d into 
the burette. This, however, may be mixed with air from the 
connecting pipes ; throw it away by closing the pipes to the flue, 
opening the second connection, and raising A. Now draw fur- 
ther samples and repeat until the air has been exhausted from 
the connecting pipes, which can be determined by figuring their 
volume as compared with that of the burette B. This method 
of collecting a sample is, of course, very slow and laborious, if 
the pipes be at all large or long. 

By using a small suction bag or suction pump the lead pipe 
can be freed from air, instead of by drawing and throwing away 
samples. 

By using an aspirator the sample may be collected much 
more quickly. A water aspirator may be bought at any chemi- 
cal apparatus store for a dollar or two. A steam aspirator may 
be made out of pipe fittings, from a 1-inch nipple 3 inches long, 
a l-inch tee with 4-inch outlet, a 1-inch by 4-inch bushing, and a 
}inch pipe with a thread cut 3 to 4 inches of its length. (See 
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Fig. 292.) It is essential that the steam from the aspirator be 
discharged into the open air and not through any pipe. Even 
three feet of discharge pipe may make enough back pressure so 
that it will not draw. By means of an aspirator the gas is kept 
flowing through the connecting pipe, and is drawn off at a tee 
into the Orsat as described above, except now that it is not neces- 
sary to throw away more than one burette full of gas, before a 
good sample is obtained in the Orsat. 

Although by either of the means above described it is easy to 
obtain a correct sample, yet this sample only represents what 
was going on during the ten seconds or so occupied in drawing 
it. For some purposes, to be sure, we want to know the com- 
position of the gases at any given instant, but more frequently 


Fie. 292. 


we want to get the average for a definite time—say, half an hour 
or eight hours. 

The composition of the gases fluctuates so quickly between 
the firings that it is necessary, if the gas be collected in samples 
whose time of drawing is short, to have fifteen to twenty samples 
in order to get a fair average, and even then the times of draw- 
ing may happen to come at some regular interval between the 
firings, in which case the result is much in error. The better 
way is to collect continuous average samples every half hour or 
hour; and although this method involves errors of its own, I 
have found it far more satisfactory than instantaneous samples. 

Continuous samples are obtained in a collecting bottle as fol- 
lows: (Fig. 293.) The aspirator keeps the gas continuously flow- 
ing through the pipe, as shown by the arrow. The bottle is first 
filled completely with water, even to the tee joint atc. This i8_ 
easily done by placing the end of the rubber tube 5) in a dipper 
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of water and elevating it, first, of course, starting the siphon. 
After filling the bottle and pipe completely the water is allowed 
to flow out of bb drop by drop into a dish or pail. As each 
drop of water flows out at bb a drop of gas flows into the bottle 
at a. The flow of water is adjusted by a screw cock on the 
rubber pipe so as to get an average sample for thirty minutes, 
for an hour, five hours, or any time desired. The quart size is 
the most convenient for collecting bottles. Bottles with one 


Fie. 293. 


outlet near the bottom are sometimes used, but I consider the 
use of a long and short tube passed through a rubber cork to be 
better. (See Fig. 293.) 

When the sample is collected the pinchcock is closed at d, the 
bottle is disconnected, connected to the Orsat, and a sample is 
drawn in for analysis as described above. 

Figs. 294, 295, and 296 show the way in which the carbonic 

_dioxide varies from time to time in tests on different coals, and 
indicate the need of using the method of continuous samples. 
Although by taking, say, twenty instantaneous samples at half- 
hour intervals we might get a fair average for the whole test, 


To aspirator a From fiue a: 
“Hale” 
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yet the method of continuous samples has another advantage— @ 
that it tells us at once during the first hour of the test whether @ 
the firing is what it should be, while we cannot be sure that the @ 
instantaneous samples represent anything except the exact in- 

stant when they are drawn until the test is partly completed. 


Duration of Time in Collecting Samples. 


If one man takes all the ordinary observations of the test he 
will not have much time for gasanalysis. In such cases he will 
use the collecting bottles and take as many samples as he can. 
If possible, however, an assistant should be assigned to the gas 
analysis and given two Orsats and two collecting bottles. He 
should then have no difficulty in drawing and analyzing two 
samples per hour, each sample being drawn so as to be the 
average for a half-hour. With one Orsat he cannot count on 
much | better than one sample per hour, unless unusually skil- 
ful. It is possible to carry on two, or even three, analyses at 
once in the Orsat, but this should not be attempted without 
considerable experience. . 


Fluid Used. 


I have spoken of water as the fluid over which the gases are 
collected. On the whole, it is most convenient, but it absorbs 
carbonic dioxide and carbonic oxide, and it gives up oxygen, 
causing errors in the analyses. 

If, however, some water is first saturated with gas, by letting 
flue gas bubble through for an hour or so either on the day 
before the tests or for the first hour of the test, and then the ¥ 
same water is used throughout for collecting half hourly or 
hourly samples, which are analyzed at once, the error of the 
average is negligible, entirely so in the carbonic oxide, and not 
over 35 per cent. in the oxygen and carbonic dioxide. If the 
water is not saturated, or if the gases stand over it even two or 
three hours during and after collection, the error may be several 
per cent. Hence the sample should be analyzed as soon after 
collection as possible. If the intention is to keep the samples 
any length of time before an Satin they should be collected | 
over mercury. 

_ Brine does not absorb so much carbonic dioxide as the water, 
but the salt is apt to crystallize out and stop up the tubes. This 
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gives trouble when the brine is running out of the collecting 
bottle drop by drop. 

Glycerine is, I think, a little better than brine so far as absorp- 
. tion goes, but it is miserable stuff to handle, worse even than 
mercury. 

Mercury is perfect so far as absorption goes, but it is costly, 
heavy, and hard to handle. 

I have used all four fluids, and have settled on water as the 
best for ordinary work. For special purposes I might use 
mercury. 

Water is used in the Orsat itself in any case. 


Analysis. 


Having collected the sample, 100 cubic centimetres or there- 
abouts are drawn into the Orsat and analyzed. (See Gill, “ Gas 
and Fuel Analyses.”) It is not necessary to have exactly 100 
cubic centimetres, as it is easy to make the correction if we 
start with, say, 99.7 cubic centimetres or 100.1 cubic centimetres. 
It is essential to let the liquid stand one minute before reading 
in order that all the water may run down the sides of the bu- 
rette, and it is also essential that the levelin the burette and 
in the bottle A should be the same when reading. This is best - 
accomplished by sighting over the water level in A. When read- 
ing, note that there are two bottom menisci in B caused by 
seeing it through two thicknesses of glass, and it depends on the 
lights which are most visible. It makes no difference which is 
used, so long as the same meniscus is read throughout each 
analysis, but it is not well to change the position of the lights 
during an analysis. Having taken the initial reading of 100 
cubic centimetres or thereabouts, the gas is run into the caustic 
potash pipette and out again four times ; allowed to stand for 
one minute in the burette, and then read. If desired, it is then 
Tun in and out of the same pipette four times more and a check 
reading taken, but this is not necessary on the caustic potash 
pipette, as four times is safe to absorb all the carbonic dioxide. 
The difference between this reading and the initial reading is 
the percentage of carbonic dioxide. 

After getting the reading, run the gas in and out of the pyro- 
gallol pipette eight times; let it stand one minute and read ; 
repeat for a check reading. If any more gas is absorbed repeat 
until the readings check. The difference between this reading 
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and the reading after absorption of carbonic dioxide gives the 
percentage of oxygen. There is no particular virtue in the eight 
times. Sometimes five or six times will take all the oxygen out; 
sometimes it takes a great many more, according to the amount - 
of oxygen, temperature, etc. If using two Orsats, the gas may 
be run into a pipette and allowed to stand and absorb while 
manipulating the other Orsat. The gas will, however, absorb 
quickest if made to run back and forth between pipette and 
burette. 

After absorbing all the oxygen in the pyrogallol pipette, the 
gas is run into the cuprous chloride pipette to absorb the car- 
bonic oxide. Here the absorption is even slower than with the 
oxygen. 

The solution of cuprous chloride has only a weak attraction 
for the carbonic oxide, and sometimes a solution of cuprous 
chloride which has absorbed considerable carbonic oxide will 
give up a little of it to a gas which contains only a little car- 
bonic oxide. 

It is for this reason that I prefer to use two cuprous chloride 
pipettes. The gas is first run several times into a pipette of 
cuprous chloride which may or may not have been used before. 
Then the gas is run into the second pipette, containing a prac- 
tically fresh solution of cuprous chloride, which takes out the 
last traces of carbonic oxide. (See Hempel or any book on gas. 
analysis.) 

The following is a convenient form for record. The words in 
parentheses are frequently omitted in the note-book. 


(CoLLECTING) BotTLE A. 


Start (at) 9.03 a.m. Stop 9.30 a.m. 


(Sample taken into) Orsat III. at 9.38 a.m. 
Gross 99 8 (e.c.). 
(Reading after absorption of) CO. 


Finished at 10.13 a.m. 


(Check)... per cont, CO, 18 
(Reading after absorption of) O2...............18.3 
(Reading after absorption of) CO..............18.8 
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Some Precautions Necessary. 


Keep copper wire in the cuprous chloride pipette and cuprous 
chloride stock bottle. 

Keep the rubber bags on the rear stoppers of the pyrogallol 
and cuprous chloride pipettes. If air gets at the solutions it 
spoils them. 

Wire on the corks on the collecting bottles, but not so tightly 
as to force the rubber away from the glass in any place. 

When manipulating do not let any of the chemicals get into 
the burette. It does no harm, however, if a little water gets 
into the pipettes. If any cuprous chloride gets into the burette, 
do not bother, but if any pyrogallol or caustic potash gets into 
the burette the water in A and in the burette must be changed 
_ before drawing in another sample. 

Make sure every now and then that the aspirator continues to 
draw. With a smoky coal it is well to filter the gas. In my prac- 
tice I usually wash the gas, using a collecting bottle (Fig. 263) 
filled about an inch deep with water. The long tube is connected 
to the pipe from the flue as close to the flue as is convenient. 
The short pipe is connected to the pipe leading to the aspirator. 
The gas then bubbles up through the water and is washed 
clean. With some coals this is absolutely essential, as other- 
wise the lead pipe will clog up inside of an hour. 

Do not use too much steam pressure in the aspirator. Use 
enough to get a good suction and no more. 

Keep a record of how much carbonic oxide and oxygen have 
been absorbed, and refill the pipettes when necessary. 

Keep a thermometer on the table, and note if any change of 
temperature occurs. Two degrees Fahr. change makes ;*5 per 
cent. error. The water jacket on the burette largely protects 
against these errors. Keep this water jacket full of water. 

Remember to absorb the gases in the right order, viz.: caustic 
potash pipette for carbonic dioxide, pyrogallol pipette for oxy- 
gen, cuprous chloride pipette for carbonic oxide. The pyrogal- 
lol absorbs carbonic dioxide as Well as oxygen, and the cuprous 
chloride absorbs oxygen as well as carbonic oxide, so that the 
results are erroneous if the correct order is not followed. 


Look out for leaks at joints, and pinholes in the rubber con- 
nections. 
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Other Components of the Gas. 


These are sulphur dioxide, nitrogen, argol, oxides of nitro- 
gen, cyanides, hydrogen, and hydrocarbons. (For the presence 
of nitrogen-oxygen compounds see Engineering News, Febru- 
ary 18,1897.) Cyanides occur in blast furnace gases, hence they 
may occur in flue gases. Hydrogen and hydrocarbons, we know, 
occur. The sulphur dioxide is absorbed by caustic potash, and 
is generally counted as carbonic dioxide. 

No volumetric analysis will give us any useful information 
about the other gases. The limit of accuracy of volumetric 
analyses is about ;45 per cent., and 4 per cent. of some of the 
heavier hydrocarbons would involve a loss of 10 per cent. of the 
heating powers of the coal. Since we can generally account for 
all the heat in the coal to within 10 per cent. without consider- 
ing these hydrocarbons, it is evident that volumetric analyses 
for the hydrocarbons would be a waste of time. Gravimetric 
analyses, such as those made by Scheurer-Kestner, would give 
the figures, but such gravimetric analyses should be undertaken 
only by a chemist. 

The usual way is to enter the balance of the gas after taking 


out the carbonic dioxide, oxygen and carbonic oxide as nitrogen. 


IUustrations. 


I give herewith three tests illustrative of the value of gas 
analysis, two made by Mr. Barrus on an Almy boiler (Fig. 297) 
and one by myself on a horizontal tubular boiler with Hawley 
furnace. I analyzed the gases for Mr. Barrus in his tests; Mr. 
G. 8. Curtis, junior member of the Society, analyzed the gases 
for me in my own test. 

Table I. (Dimensions.) Is given for the sake of reference. 

Table Il. Has the ordinary results of boiler tests, taken 
directly from the reports. 

_ Table III. Has the various data based on the flue. gas 
analysis, etc. The calculations are as follows for the items 
that are not obvious: 

* Pounds dry gas per pound carbon = per cent. of each gas 

For example, in Test 1, Table III. (p. 922): 
d 28.6 % CO, +%CO= 15 
15 x 12 = 180 


8,015.2 + 180= pounds dry gas per pound 
Na x 28 = 2,206.4 carbon = 16.7. 


8,015.2 


912 
78.8 % 
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by moiecular weight + per cent. of carbon containing gases by 
atomic weight of carbon. 

Pounds dry gas per pound combustible = pounds gas per 
pound carbon by per cent. carbon in combustible. 

Pounds dry gas per pound, coal as fired = pounds gas per 
pound combustible by per cent combustible in coal. 


Fig. 297.—ALMy WATER TUBE BorLER, D. 


H,O from H in fuel = H in coal (or combustible) by 9. 

Pounds air per pound combustible is of course one pound less 
than the gas per pound combustible. Air per pound coal is 
only approximately one pound less than gas per pound of coal. 

Specific Heat. The specific heat of the dry flue gas, works out at 
ordinary temperatures and compositions very close to .24. The 
specific heat of the gas including H,O, works out very close to 
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.246 without considering the moisture in the air. The latter 
will bring the specific heat up a little, so that when calculating 
as dry gas I use .24 and as moist gas .25. These figures are 
accurate enough for any ordinary work, and the exact computa- 
tion of the specific heat is laborious and uncertain. 

The consideration of the H,O in the air is a refinement I do not 
go into, since it involves the loss of only a small amount of 
sensible heat, hardly more than our uncertainty as to the true 
specific heat of the gases. 

Heat Balance Computation. (When based on combustible, then 
for coal read combustible.) 

To give percentages multiply by 100. 

Useful heat in steam 


__ evaporation from and at 212 degrees per pound of coal by 966 
B. T. U. per pound of coal. 


Sensible heat in waste gas above outside temperature = 
pounds gas per pound coal by specific heat by (flue temperature 
— less external temperature) + B. T. U. per pound coal. 

Latent heat in H,O 


_ pounds HO per pound coal from H and H,0O in fuel by 966 
B. T. U. per pound of coal. 


per cent. CO 
per cent. (CO + CO,) 


Incomplete combustion = 


by per cent. 


carbon in coal by 10,048 + B. T. U. per pound coal. 


B. T. U. of radiation per hour 


Radiation = pounds coal per hour by B. T. U. per pound coal 


combustible in ashpit (coke) 


_per cent. combustible in ashpit to total coal by 14,500 
B. T. U. per pound coal. 


Balance to make 100 per cent. 

Smoke, hydrocarbons, and error. 

It is not essential to have an analysis of the coal in order to 
make use of the gas analyses. Knowing the class of coal, as 
anthracite, semi-bituminous, bituminous, etc., the per cent. of 
carbon in the combustible may be taken from the text books 
with an error of not over 3 per cent. of itself. This will give 
the pounds gas per pound combustible with a similar accuracy 
—i.e., 3 per cent. of itself—making the loss by sensible heat 
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in the flue gases accurate to within 1 per cent. of the heat in 
the coal. 

Similarly, the per cent. of hydrogen may be taken for any 
class of coal from the text books, and the error in determining 
the loss will not be over 4 per cent. of the heat in the coal. 

Of course, however, the better way is to have the coal ana- 
lyzed by a chemist, as the analysis not only makes the heat 
balance more accurate, but gives a determination of the total 
calorific power of the coal. 


Remarks on the Tests. 


These tests are not to be taken in any way as showing the 
comparative efficiency of the boilers. 

Although the Almy boiler is unlike any of the smoke-tube 
boilers, yet its furnace is practically the same as that of an 
upright tubular with water leg. 

Both furnaces are surrounded by water walls, have the water 
top some 3 feet or so from the fire and have practically no 
provision for air admission above the fire, except for the fire 
doors. In both cases the gases pass vertically upward. The 
results show that with this type of furnace there is danger of 
considerable loss from incomplete combustion to carbonic oxide 
whenever the fires are over 4 inches thick. I have made some 
ten or a dozen tests on the vertical tubular boiler with water 
leg, and although they are not available for publication, I may 
say that I have only once failed to find carbonic oxide, and that 
thick fires have always made the carbonic oxide unduly large. 

The results also show, since the percentage unaccounted for 
in the heat balance includes all loss by incomplete combustion 
to hydrocarbon, that a large loss by incomplete combustion to 
carbonic oxide does not necessarily involve a large loss by 
incomplete combustion to hydrocarbon. I hope that some of 
our Western members can give us information as to whether the 
reverse is true. My researches so far indicate that these two 
forms of incomplete combustion are almost entirely independent. 


Remarks on Methods of Presentation of Heat Balance. 


Though I agree with those members of the Society who 
believe that the evaporation per pound combustible best repre- 
sents the performance of the boiler if only one term is used, 


rather than the evaporation per pound of coal, wet or dry, or 
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percentage of efficiency, yet the heat balance is best based on 
the pound of coal. The reason is that the pound of combustible 
on which the evaporation is based includes a small percentage 
of earthy matter which is not included in the “ pound of com- 
bustible ” on which the calorific power of the fuel is based, this 
percentage being the amount of earthy matter that disappears 
up the chimney. The amount is computed by taking the 
difference between the percentage of earthy matter shown by 
the analysis of the coal and the percentage that the earthy 
matter in the refuse bears to the total coal. This difference 
generally runs about 1 per cent. in tests in which I have had 
the refuse analyzed, but Mr. Witham and Prof. Goss have found 
higher results. Of course if the determination of the amount 
of earthy matter in the small sample of coal indicates that the 
error in sampling is greater than the loss of earthy matter up 
the chimney, then the combustible must be used as the basis 
for the heat balance. 

The percentages in the heat balance are the same whether it 
is based on the theoretical dry coal or on the coal actually 
fired. I see no object in basing the heat balance on anything 
except what is actually fed to the furnace, except as stated above. 


The Useful Heat in Steam. 


The useful heat, of course, does not include the heat of evap- 
oration of the moisture in the coal. Hence if the stated 
“pounds of evaporation per pound of fuel” should include the 
evaporation of the moisture in fuel, as I believe is the case in 
some reports, a correction should be made. 


Loss by Sensible Heat. 


This is based on the temperature of the external air. If it 
were based on the temperature of the boiler-room then we 
should have to divide the radiation into two parts: Ist, actual 
loss by radiation ; 2d, radiation utilized by heating the external 
air to boiler-room temperature. 

Ihave spoken above of my reasons for adopting .24 for the 
specific heat of dry flue gas and .25 as the specific heat of the 
actual gas, including the H,O. Although this is not strictly 
accurate, the error is far less than the errors in determining 
either the quantity or temperature of the gas. 
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Loss by Latent Heat of H,O in Gases, Heat of Combustion of 
Carbonic Oxide, and Loss by Combustible in Ashpit. 
These need no explanation. 
Radiation. 

The radiation must generally be included in the unaccounted 
for. In the Almy tests, however, it was determined by closing 
all draughts after drawing the fires, and noting the fall in pres- 
sure in a given time. There being very little brickwork about 
the boiler, the loss of heat could then be determined from the 
weight of water and iron in the boiler and the fall of tempera- 
ture. 

In other tests on similar boilers (unfortunately not available 
for publication) the same method has been used and its results 
checked by comparing it with the results of tests on loss of 
heat through pipe coverings similar to the boiler covering. 
The results generally agreed to within 20 per cent. or 30 per 
cent. of themselves, the larger being the loss as computed from 
the fall of pressure. The reason for this is probably that the 
draughts cannot be completely stopped, so that some air is 
heated inside the boiler and passes up the chimney. Even 20 
per cent. is less than 4} per cent. of the total heat in most 
tests that I have made on this class of boiler. 


Unaccounted For. 


This includes loss by smoke, by hydrocarbons and other 
gases not analyzed for,.and error. There are some sources of 
error that may be spoken of as not accidental: First, the mea- 
sured temperature of the flue gases is probably less than the 
trus temperature, since the walls of the flue are colder than the 
flues gases and the thermometer radiates some heat to them. 
That this is the case may be shown by a simple experiment. 
Take a thermometer, hold it in the air for a few minutes, and 
note its reading. Then put a piece of ice near it and also 
under it, so that even if the ice cools the air the current of air 
that flows over the thermometer is not cooled. The thermome- 
ter will, however, show a lower reading than before. The dif- 
ference of temperature between the ice and the air of the room 
is probably not as great a as : nen the walls of the flue and 
the flue gases. 

A second source of error is that the gas analyses are always 
59 
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a time average ; that is, we average the readings each half hour 
or each hour, or as often as we collect samples. Let us suppose 
that the percentage of carbonic oxide is 12 per cent. for half 
an hour and 8 per cent. the next half hour; then the time aver- 
age is 10 percent. But if there were two tons of gas the first half 
hour, and only one ton the second, then the true average is not 


10 per cent. but BiB se = 10} per cent. 


An experiment, the results of which are given graphically in 
Fig. 296, shows that the highest per cent. of carbonic dioxide 
comes when the actual amount of air as shown by an anemome- 
ter is least, so that the time average of the carbonic dioxide is 
slightly higher than the truth, but probably not over } per cent. 
For the same reason the time average percentage of carbonic 
oxide is very likely a little higher than the true average, which 
would tend to make the errors balance. In any case, it does not 
appear that the errors of this nature are over 1 per cent. or 2 
per cent. of the heat in the coal. The other errors are chiefly of 
an accidental nature, so that though single boiler tests may vary, 
yet if we have enough tests to free the average from accidental 
variations, then the percentage unaccounted for should give an 
idea of the loss by smoke and hydrocarbons. 


Summary. 


Gas analysis can be carried on as a part of boiler testing. It 
will account for all but a few per cent. of the heat. It will fur- 
nish an explanation of uneconomical performances. It will 
furnish a check on markedly erroneous performances (as, for 
instance, if the evaporation be reported as very high, the gas 
analysis will show whether this was due to making the chimney 
and other losses small, or to an error), and, finally, since the 
gas analysis shows the owner of the boiler where his losses are, 
the gas analysis is a more important part of the boiler test than 
the analyses of the coal or the determination of its calorific 
power, which only shows how much his losses are. 


‘ Appendix I. 

I have put in Figs. 294, 295, and 296 to illustrate certain points 
as they come up, but also because they disagree with a frequently 
stated theory. These figures give the temperature of the gases 
as measured just above the fire by a LeChatelier pyrometer. 
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The theory that I refer to is that putting on fresh coal cools the 
gases, and in contrast to this theory the facts show that putting 
on fresh coal has no cooling effect on the gases, but that within 
a few seconds or a minute after firing, the temperature of the 
gases is markedly increased. 

It is true, of course, that the radiant heat from the fire may 
be checked by adding fresh coal, and I present these curves more 
as being added facts than as exponents of a new theory. 


Appendia II.—Illustrative Tests. 


TABLE I. 
Tests 1 AND 2. 
Almy Boiler. (See cut, Fig. 297.) 


Draught opening among tubes, square feet...-..........-. 


Height above grates, 


Botler dimensions. 


Type, horizontal return tubular and Hawley furnace. 


Number in battery, 2; number tested...... .........eee00- 1 
Diameter of tubes (external), inches.................. 
Water-heating surface, square 
: Hawley Furnace. 
Diameter (internal), inches. ........... 2 
Heating surface, square feet.......... 52 
Grate surface, upper (5 x 4), square feet...... Mesa sesesewees 20 
lower (5 x 44), square feet........... 224 


Note.—The flue is a brick one, built back over the boilers, thus giving a slight 
amount of superheating surface. The effect of this is, in my opinion, so slight 
that it may be safely neglected. 

The heating surface includes about 30 square feet of the shell over the fur- 
nace which received some heat by radiation. It does not include the superheat- 
ing surface gained by leading the flue back over the boilers. 


........ 35; — 
Test 3. — 
Total heating surface, square feet 1,260 
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TABLE II. 
Tesrs 1 AND 2. 
Almy Water-tube Boiler. 
Kind of Coal—Georges’ Creek Cumberland. 
Per cent. of moisture in coal 1.3 2.4 
Date of Tests....... ES Pe October 30, 1896. October 31, 1896. 


: Total Quantities. 
Duration, hours : 9.15 
Weight of dry coal consumed, pounds... ; 1,274 
Weight of ashes and clinkers, pounds... ‘ 110 
Per cent. of ashes and clinkers, percent. . ‘ 8.6 
Weight of water evaporated. . , 11,332 
Hourly Quantities. 

Coal consumed per hour, pounds 199.5 139.2 
Coal consumed per hour, per square foot ; 

of grate, pounds 17.58 12.2 
Water evaporated per hour, pounds 1,382.1 1,238.5 
Equivalent evaporation per hour, feed 100 

degrees, pressure 70 pounds 1,456.7 lbs. 1,300.4 Ibs, 
Horse-power developed on basis of 30 

pounds horse-power 48.56 43.3 
Equivalent evaporation per square foot of 

heating surface per hour 3.07 2.74 lbs, ’ 


Averages of Observations. 
Average boiler pressure, pounds : ; 147.1 
Average temperature of feed water, de- 


56.7 


518 
15 
3 .85 
Clear—Warm. Clear—Warm. 


RESULTS. 
Water evaporated per pound of coal, 

pounds. . 6.983 8.895 
Equivalent evaporation per pound of coal 

from and at 212 dezrees, pounds..... 8.389 J 10.736 
Equivalent evaporation per pound of com- 

bustible from and at 212 degrees, 

External] air tomnperature 66 70 
Boiler-room temperature 80 
6 in. to 8 in. 3 in, to 4 in. 
Interval between firings 7 min, to 10 min. 
Rate of combustion reduced to a standard 

draught of .4 inches— 


_= actual rate x 
actual draught 
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Average temperature of flue gases, de- 
Average draught suction, inches......... 
Per cent. of moisture in steam,.......... 
Weather and outside temperature....... 
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TABLE II. 
Test 3. 


Horizontal Return Tubular Boiler and Hawley Furnace. 


Coal—Pocahontas. 
Total weight, including .4 of wood.................0e00008 pounds. 4,071 


Combustible... ............ pounds. 3,647 


Mean thickness of fire above dead plate, (upper grate)....... inches, 12 


Fireman—M. Fagan. 
Number of firings (9 A.M. to 5.30 P.M.)..........eeeeececees 52 
Mean intervals between minutes, 10 


Pressures. 


Temperatures. 


External air........... degrees Fahr. 24 


Quality of steam (1 = dry steam)......... 


Water fed to boiler and apparently evaporated.............. pounds. 36,610 

from and at 212 dogroes 44,375 


Evaporation. 
Per pound coal as weighed, actual conditions.............. < 8.9 


from and at 212 degrees Fahr............... 10.9 
“© dry coal from and at 212 degrees Fahr........... e 11.38 
“«*  eombustible from and at 212 degrees Fahr...... “ 12.17 
Rates of Combustion. 
Per square foot of upper grate per 20 


reduced to .4-inch draught ( actual rate + V 20.2 


Rate of Evaporation. 
From and at 212 degrees Fahr. per square foot of heating surface perhour. 8.7 


921 — 
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Draught (average) -39 4 
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TABLE III. 
TEsTs 1 AND 2. 


Almy Water Tube. 


Flue Gas. Per cent. by volume. 
October 30. October 31. 


N 

S (assumed) 

B. T. U. per pound combustible : 

14,650 C + 62,200 (H — 5) + 4,000 8 
100 


= 15,3038. 


Coal Analysis as Fired. 


Moisture 
Earthy matter. 
Combustible.......... 


Combustible in refuse—p. c. of total coal 
Earthy matter in chimney 


Pounds dry gas per pound carbon 
Pounds dry gas per pound combustible............ 
H,0 in gas from H in coal 

Total gas per pound combustible.......... Cibeicoes 
Air per pound combustible 


Sensible heat in waste gases above temperature 
of external air 

Latent heat of H,O in gases 

Incomplete combustion to CO 

Carbon and hydrocarbons in smoke, unaccounted 
for and error. 


| 922 
Combustible Analysis. 
2.4 
8 
5.1 
100.0 
2.4 
100.0 100.0 
B. T. U. per pound of coal as fired...............-14,826 14,158 
16.7 17.95 
14.59 15.62 
-40 .40 
01 .02 
15.00 16.04 
14.00 15.04 
p. ¢. p. ¢. 
Dr. Heat balance based on combustible... .......100.00 100.00 
1.4 11.8 
2.6 2.6 
9.6 8.7 
1.7 2.4 
6.8 5.4 
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TABLE III. 
1 AND 2 (Concluded). 
Almy Water-tube Boiler. 


Cree 


Carbon and hydrocarbons in smoke, unaccounted 


Latent heat of H,O in gases............22..06: 2.6 2.6 
Iucomplete combustion to 19.6 8.7 
Combustible in ashpit (estimate) .............. os 4. 


Horizontal Return Tubular Boiler and Hawley Furnace. 


Analyses Flue Gases. 


Per cent. by 
Volume. 


Moisture..... 


per pound of coal.. 


B, T. U. 
B. T. U. per pound eombastibie 


140.50 + 622 +408 


Waste Gases. 


Dry gus per pound carbon purned, pounds................ ekbses 
H,0 from hydrogen in coal, 49 


added before firing (estimated), pounds...... -05 
Total gas per pound of 57 24.28 


Gas er pound of coal as fired..... 


Specific heat taken as .246, 


Dr. Heat balance based on Coal guy 100.00 100.00 | ge 
| 
CO 
100 
Coal as Weighed. 
Per cent. by — 
Weight. i 
100 
16,100 
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TABLE III. 
TEst 3 (Concluded). 
Horizontal Return Tubular Boiler and Hawley Furnace. 
Heat Balance Based on Coal. 
Per cent. 
Dr. Heat in coal fed to furnace 100.00 
Cr. Useful heat in steam 
Latent heat in H.O in gases of combustion 
Sensible heat in gases of combustion above temperature of 
external air 
Incomplete combustion to CO 
Balauce made up of combustible in ashpit (estimated 2} 


per ceat.), radiation (estimated 4 per cent.), and other 


100.00 
Heat Balance on Combustible. 


. Percent. Per cent. 
. Heat in combustible 100.00 
Useful heat 
Latent heat in H,O in gases of combustion 
Sensible heat in H,O in gases of combustion above temper- 
ature of outside air 
I.complete combustion to CO 
- Balance made up of radiation (estimated 4 per cent.), error 
dae to counting as combustible earthy matter up the 
chimney ; other errors and hydrocarbons in gases 


DISCUSSION. 


Prof. J. H. Kinealy.—I find Mr. Hale’s paper of great interest, 
and I think it will be of value to those engineers who have not 
heretofore given much attention to the analysis of furnace gases. 

I would like to know what Mr. Hale means by “ rubber pipe.” 
If he means soft rubber tubing, such as is ordinarily used by 
chemists, he ought to tell us what gases will be affected by the 
tubing and how they will be affected. 

Caustic potash is usually sold as potassium oxide, and there 
are about five grades or qualities, as follows: 

List Price 


1. Potassium oxide, com. (crude potash) 

2. fused, white, in sticks 
3. “ “ 
4, 
5. 


pure, with lime (potassa lime)...... 


| 
100,0 100.00 
per pound. 

2.00 
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The grade to use is No. 2, the ordinary, white, caustic potash. 
_ [ think most engineers will find it more convenient to use red 
phosphorus for the determination of the oxygen than the pyro- 
gallol. It can be prepared and put in the pipette in the labora- 
tory, and as, long as any of the phosphorus remains in the pipette 
it is ready for use. If the Orsat-Muencke apparatus is used— 
and I agree with Mr. Hale that it is probably the best for engi- 
neers—the oxygen pipette must be reversed, so that the gases 
pass into the bulb with large mouth, if phosphorus is used. The 
phosphorus, when bought, will be in short pieces or sticks about 
one-half an inch in diameter. These must be melted and cast 
into sticks about one-eighth of an inch in diameter and three inches 
long. These sticks are then put in the large-mouthed bulb of 
the oxygen pipette, and when the pipette is connected to the 
apparatus it is ready for use. Water, of course, is used as the 
displacing fluid. I had a lot of trouble with the pyrogallol, and 
do not like it. It is some trouble to prepare the phosphorus 
sticks, as phosphorus must always be handled under water ; and 
care must be taken not to get any of it in any cuts on the hand, 
as it may make a bad sore. 

I do not calculate the weight of air admitted to the furnace per 
pound of carbon, or combustible, as Mr. Hale does, because I 
consider his method clumsy. Neglecting the moisture in the 
gases and the unburned hydrocarbons, the weight of air admitted 
to the furnace per pound of carbon burned is 


1.20 (200 — y) 
ety 


is the per cent., by volume, of the CO, in the gases ; 

y is the per cent., by volume, of the CO in the gases. 

The deduction of this formula is briefly as follows: 

By the laws of chemical combimations it may be shown that if 
a pound of carbon is burned to CO and CO’, so that the weight 
of carbon in the CO, is d, and that in the CO is 1 — d, and these 
gases CO and CO, are mixed with other gases, the relation 
between the carbon in the CO,, the carbon in the CO, the per 
cent., by volume, of the CO, in the mixture of gases, and the per 
cent., by volume, of the CO, is given by the formula 


(2) 
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From this is obtained 


It can also be shown that 


_ 0.369Ax 
@. 


where A is the volume of the mixture of gases at 32 degrees 
Fahr. 


From these equations we get 


When coal is burned in a furnace, the volume of the resulting 
gases depends upon the completeness of the combustion and the 
composition of the coal. 

When CO, is formed, the volume of the CO,, measured at 382 
degrees Fahr., is exactly equal to the volume of the O used; 
when CO is formed, the volume of the CO is twice the volume of 
the O used; when hydrogen is burned, the volume of the gas 
formed, HO, is ¢wice the volume of the O used; and when sul- 
phur is burned the volume of the resulting gas is equal to the 
volume of the O used. 

Hence, the volume of the gases, measured at 32 degrees Fabr., 
in a furnace is equal to the volume of air admitted, plus one-half 
the volume of the CO, plus the volume of the moisture from the 
coal, plus one-half the volume of the moisture from the hydrogen 
in the coal, plus the volume of the unburned hydrocarbons. 
Neglect the moisture and the unburned hydrocarbons, and call V 
the volume of the air admitted per pound of carbon burned, and 
we get 


From this we have 


A(200 —y) 


Put in (7) the value of A as given by (5), and we get that the 
volume of air admitted, per pound of carbon burned, is 


__ 1100(200 — y) 


if 
i 
if 
| q 
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Since one cubic foot of air at 32 degrees Fahr. weighs 0.0807 
pounds, the weight of air admitted per pound of carbon is 


This formula is very handy to use im the boiler room when a 
test is being made to determine whether or not there is a suffi- 
cient supply of air being admitted to the furnace at all times. 

I have not attempted to make a heat balance as described by 
Mr. Hale. 

I think the term, “Latent heat in H,O,” on page 914, should be 
“Heat of gasification of H,O,” and that the factor 966 should be 
replaced by a factor whose value is about 1100. This, however, 
would make a very small change in the total heat. 

I think the great value of gas analysis lies in the fact that it 
enables us to adjust the air supply properly. The few analyses 
which I have made have convinced me that in the ordinary fur- 
nace under the ordinary return tubular boiler, there is consider- - 
able loss due to incomplete combustion of the carbon, especially 
when using a bituminous coal of low grade but rich in volatile 
matter. Whether or not there are any unburned hydrocar- 
bons, I do not know, but I think there must be, as there is often 
so large an amount of CO. When the fire is thick or dirty 
there is almost always a deficiency of oxygen and an excess of 
CO immediately after firing. 

I have often gotten as high as 10 per cent. CO and little or no 
free oxygen. | 

When there are any unburned hydrocarbons, or a large amount 
of CO in the gases, there is no way to check the analyses; but 
when there are no unburned hydrocarbons and a small per cent., 
probably less than 2 or 3, of CO, the sum of the per cent. of CO,, 
one-half the per cent. of CO, and the per cent. of free oxygen 
should be about constant. This sum should never be equal to 21 
except when burning pure carbon. 

Prof. R. C. Carpenter.—Mr. Hale’s paper in relation to “Flue 
Gas Analyses” is of considerable importance, and in general my 
experience is quite similar to his. I note that Mr. Hale shows in 
the examples submitted a considerable amount of CO in some 
instances. We have made many attempts to find this gas in con- 
nection with a flue gas analysis, and have never been able to find 
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it present except so far as a mere trace or an exceedingly minute 
quantity is concerned. I consulted Professor Dennis of the 
Department of Chemistry, who has charge of that work in Cor- 
nell University, and who has made a specialty of the methods of 
flue gas analysis while taking a graduate course in Germany. He 
assures me that, under the conditions which ordinarily exist in 
reference to the operation of a boiler, it is nearly if not quite 
impossible for CO to exist, and that it cannot exist in the pres- 
ence of free oxygen unless it be drawn from the boiler at a very 
high temperature. I hope that Professor Dennis will also discuss 
this question before the Society. 

The method of drawing the sample of flue gas from the base of 
the chimney is not to be commended, since a great deal of air is 
likely to be drawn into the flue gases by filtration through the 
brickwork, and I prefer now to draw all samples directly from 
the combustion chamber, and before any opportunity for any 
mixture with air has taken place. I found a few weeks ago that, 
in taking two samples of flue gas, the one from the back part of 
the boiler, the other from the flue, the difference in the amount of 
CO, was very considerable, being over 12 per cent. in one case 
and only about 7 per cent. in the other, which illustrates the 
point referred to. 

The method of drawing the sample which, in my opinion, 
gives the best results consists in the employment of two cans, 
each of which is about eight inches in diameter and thirty inches 
in height. These cans are connected together by rubber tubing, 
and also arranged so that either may be connected to the flue. 
By setting the can which is full of water on a bench about three 
feet from the floor and connecting this to the flue, and setting the 
empty can on the floor, the water will flow from the full can into 
the empty one, and the flue gas may be drawn into the upper 
can. By regulating the time of flow of the water between these 
cans, a sample can be collected which will represent the average 
for some considerable time. By using the same water over and 
over again, it soon becomes saturated and wiil absorb no addi- 
tional CO, or other ingredients of the flue gases. 

Although the Orsat apparatus is portable, we have found con- 
siderable difficulty in so carrying it from place to place as to pre- 
vent breakage, the special point of weakness being the glass con- 
nections (which Mr. Hale has omitted) between the pipettes and 
the measuring burette, and also the connection of the double 
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absorption pipette by the U-shaped tube at the bottom. The 
general form of this pipette is shown in the accompanying sketch 
(Fig. 298). To lessen the risks of breaks with this class of appa- 
ratus, we have designed a form of pipette which is much stronger, 
and which is used in exactly the same manner as Fig. 298, and is 
shown in Fig. 299. There is another objection to the Orsat 
apparatus, which is due to the fact that liquid reagents only can 
be used, and that the special kind of liquid reagents, which are 


4 


Outside tube thick. 
Inside tube thick. 


| 

F P 

Fre. 298. Fre. 299. 


ordinarily used and which are described by Mr. Hale, do not in all 
cases take out all the oxygen—at least they are very slow to act. 
Stick phosphorus is very much quicker and better. As an illus- 
tration, the examples given by Mr. Hale show that on October 
30th the sum of CO,, CO, and O is 21.2, and October 31st is 18.8 
percent. As these compounds generally replace the oxygen from 
the atmosphere, it is difficult to explain this descrepancy, except 
by leakage in the first case and by lack of absorption power in the 
second case. We have found it very difficult with the “ pyro ” solu- 
tion to absorb all the oxygen even from atmospheric air, the sum 
of O and CO, usually running from 19 to 20 per cent. rather than 
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to 20.6 per cent. I became convinced that the Hempel appa. 
ratus, which uses solid phosphorus for absorbing the oxygen, was 
much superior to the Orsat. It also has the advantage of being 
much more cleanly, as the reagents are not discolored by use. 

There are also some minor points of advantage in the fact that 
the Hempel apparatus employs wire gauze, which brings the 
reagents in better contact with the gases than the Orsat, so that 
the time taken for analysis is much less. The Hempel pipettes 
are, however, more fragile than those of the Orsat, and more diffi- 
cult to use in a portable apparatus, in my opinion, although Pro- 
fessor Dennis thinks there is no difficulty or especial liability of 
breaks in carrying this apparatus around. In order to makea 
portable apparatus, we have arranged several pipettes of the form 
shown in Fig. 299, in very much the same manner as in the Orsat 
apparatus (see Fig. 300), but have arranged them so that all 
the reagents which were found by Hempel to give best results 
could be used. This pipette consists of a glass bottle without a 
top, into which fits a rubber cork, which in turn supports B, an 
expanded tube with a capillary stem C. The gas enters in the 
inner tube, and by its pressure drives the reagent downward in 
the inner tube and upward in the outer tube. Gauze is placed in 
the inner tube, which will hold a sufficient amount of the reagent 
to absorb the components of the flue gas very rapidly. Iron gauze 
is used for the CO, and copper for the CO. The CO cannot be 
completely absorbed without shaking, and it is recommended 
that the pipette for the CO be provided with two cocks, so that 
after the gas has been driven over into the pipette it may be dis- 
connected from the measuring burette and thoroughly shaken to 
insure complete absorption. 

We have also slightly modified the measuring burette. It will 
be noted from Mr. Hale’s discussion that the measuring burette 
seldom or never is called upon to read to more than 21 per cent., 
and hence we have had the bulb, or ungraduated part, made 
to contain 75 cubic centimetres, and the graduated part made 
much narrower in diameter and graduated to hold 25 cubic centi- 
metres, thus permitting a somewhat more accurate determination 
than the usual method of graduation. 

Professor Dennis has made some recent determinations by 
analyzing gases known to contain certain constituents, and has 
determined, by comparing different forms of apparatus, that con- 
siderable error is likely to result in the use of the Orsat apparatus. 


Gas APPARATUS 
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Mr. Wm. Kent.—The discussions of Professor Kinealy and 
Professor Carpenter show the difference which exists between the 
chemists, and it is going to be a long time before we engineers 
can settle how to analyze flue gas and not run against the ideas 
of some chemist. For instance, I had occasion last year to make 
a long series of boiler tests, including analyses of the gases, and I 
consulted several chemists about what apparatus to use, and, 
among others, Professor Dennis of Cornell, the translator of Hem- 
pel’s book on “Gas Analysis.” I was told by all the chemists not 
to use Orsat’s apparatus, but to use the Hempel apparatus. I 
made several hundred flue gas analyses, and one of the conclusions 
which I reached agrees with that of Professor Kinealy—that is to 
say, that a very large quantity of carbonic oxide will be found in the 
gases. I used the Hempel apparatus, followed the directions in 
Hempel’s book, and checked the results in every way, and I feel 
certain that I sometimes had as high as 7 per cent. of carbonic 
oxide. I communicated the result through Professor Carpenter 
to Professor Dennis, and he says no one can get carbonic oxide 
in boiler analyses unless the experiments are wrong or he uses the 
wrong apparatus. So there is a direct issue between Professor 
Dennis and myself. Mr. Hale’s paper shows that he got a great 
deal of carbonic oxide and Mr. Barrus got a great deal, and there 
are a great many others who show that carbonic oxide is found, in 
direct contradiction to the statement made in Hempel’s book and 
confirmed by Professor Dennis. I think I got it. 

Professor Carpenter, in his discussion, has referred to the dif- 
ference of opinion as to how to collect the gas. I have collected 
it in two or three places, and I think they are all wrong, and I 
don’t know how to collect the gas to-day or how to sample it. I 
don’t think Mr. Hale does. Mr. Hale says: “The local variations 
are not often caused by the difference of composition of the gases 
from different parts of the fire, since the gases are pretty well 
mixed by the time they have passed through the boiler.” How 
does Mr. Hale know that? Is it true that the gases from the 
right-hand side of the furnace get thoroughly mixed with those 
on the left hand? I don’t think they are mixed at all. He says 
considerable discretion must be used with a water-tube boiler, but 
he gives no directions to guide us. Every engineer will have his 
own discretion in the matter, and no two will do it alike. 

Mr. Hale says if an iron tube is used it is well to drill it full of 
small holes, not larger than one-eighth inch, but this is not neces- 
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sary, and that if we collect gases through an iron tube it will affect 
the percentage of carbonic oxide. Professor Dennis says there is 
no carbonic oxide; Mr. Hale says the iron tube will affect the 
carbonic oxide. He does not tell us in what direction it will 
affect it or how much. The Orsat apparatus Professor Carpenter 


has sufficiently criticised. Some of the criticisms of the Orsat ap- 


paratus are well taken—for instance, that it is not as good as the 
Hempel for the reason that it does not use phosphorus for absorb- 
ing oxygen. The one thing that I was most pleased with in my 
analysis with the Hempel apparatus was its determination of 
oxygen. Others say the Orsat is not as good as the Hempel for 
ther reasons. I believe that the Hempel is as good as the Orsat 
for carbonic acid, but that both admit of large errors due to the 
absorption of carbonic acid by the water of the collecting jar. 

Now in regard to carbonic oxide. In Hempel’s book it is said 
to be advisable to use two absorption pipettes. The gas chemist 
of the United Gas Improvement Company informs me that he 
always uses three, and that two are not sufficient. If you use the 
ordinary solution in a single pipette for determining the carbonic 
oxide, and analyze a gas which has, say, 7 per cent. of carbonic 
oxide, and the next gas you have to analyze contains no carbonic 
oxide, you will find the result a minus quantity—that is, the 
cuprous chloride absorbs the carbonic oxide, and then gives it 
up to the next gas that comes along that has less. To check that 
I put nitrogen through the cuprous chloride bulb and the nitrogen 
gained in bulk, showing that it had taken up some gas from the 

-euprous chloride, and then I exploded it with oxygen and hydro- 
gen and got carbonic acid—that is, I had collected carbon in some 
form from the cuprous chloride. So if an engineer goes into this 
subject he is going to have lots of trouble, and his results will 
certainly be full of errors. 

In regard -to the method of aspirating the gas, Mr. Hale uses a 
steam aspirator and a section bag. I have found a little rubber 
pump, like a syringe, recommended by Hempel, to be excellent for 
clearing out the collecting tube, getting nothing but gas in the tube. 

Mr. Hale says if one man takes all the ordinary observations of 
the tests he will not have much time for gas analyses. He will 
not have any time for the analyses, or, rather, it will take all his 
time to make the gas analyses and leave no time to make boiler 
tests. 

Mr. Hale says: “Two degrees Fahr. change makes ;‘5 per 
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cent. error.” I found that was true. One of the great difficul- 
ties is to keep the temperature constant. 

In regard to the heat balance, Mr. Hale says that he can ge a 
heat balance very closely by using gas analysis. He says: “It 
_will account for all but a few per cent. of the heat.” In the 
analyses I made the heat balance did account for from 2 per cent. 
to 20 per cent. of all the heat. So what was the use of the gas 
analysis in regard to heat balance? The heat balance, in boiler 
tests with bituminous coal, is largely a delusion and a snare. In 
my tests the use of the gas analysis was, as we went along, to 
determine whether the fire was being fired within a reasonable 
distance of what it should be. And the most important feature 
of the gas analysis was the oxygen determination, not the car- 
bonic acid. If you get from 10 to 12 per cent. of carbonic acid, 
you cannot say that is a good result; for these percentages are 
compatible either with deficient oxygen or too much oxygen. 
The same percentages of carbonic acid—that is, 10 to 12 per 
cent.—may be found when you are taking too little air through 
the fire, or too much, or just the right amount. The oxygen 
determination is an indication of whether the air supply is right. 
If there is between 10 and 4 per cent. of oxygen we have the best 
result possible. With 4 per cent. of oxygen we have only a trifle 
of carbonic oxide. With anywhere between 5 and 10 per cent. 
of oxygen we have no carbonic oxide in the gases. The car- 
bonic oxide analysis, if we can get it correctly, is a good indication 
of whether the firing is correct or not. The principal use of gas 
analysis is not to determine the heat balance. It may, in anthra- 
cite coal, and some other kinds of coal, give within 3 or 4 per cent. 
of the cdrrect heat balance ; but with some of the Western coals 
it will not give, sometimes, within 20 per cent. of the correct heat 
balance, and for the reason that the analysis shows you nothing 
about the uuconsumed hydrogen and the passage of water gas 
(formed by decomposition of the water in the coal during the 
first minute or two after firing) up the chimney unburned. 

Mr. H. H. Supice.—In regard to what Mr. Kent has said about 
collecting samples of gas, I wish to add that one of the best 
known and most responsible firms of chemists in Philadelphia 
declines to collect samples over water.or in contact with water. 
They use a suction pump, and pumping enough gas through so as 
to clear the apparatus of air, they then fill the pipette with as large 
a sample as they can conveniently compress into it. 
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Mr. R. S. Hale.*—Taking up first the question of upparatus, 
the Hempel apparatus is undoubtedly the best for laboratory use, 
and in the laboratory is the most accurate. In the boiler room, 
however, there are errors due to change of temperature from 
which the Orsat is largely protected by its water jacket, while the 
Hempel is not; so that the errors of the Hempel may be even 
greater than those of the Orsat when used in the boiler room. 
Independently of this, the less time occupied by the Orsat (less 
than one-half that required by the Hempel), and its greater con- 
venience (only one connection per analysis as compared with five 
on the Hempel), make it, in my opinion, by far the best, except in the 
few cases where a small laboratory is available near the boilers. 

The modification of the Orsat pipette which is suggested by 
Professor Carpenter is a very pretty one, and is sure to be 
adopted. I do not agree with him, however, in shortening the 
burette so that it will read only 25 per cent. If he had made is 
385 per cent. it would have been better, as I have had in practice 
cases where I had toread to 30 per cent. The limit, when analyz- 
ing flue gas, is 34 per cent. Neither do I think that the large 
cans which he uses for collecting the gas are as convenient as the 
smaller glass bottles. It is often a great convenience to be able 
to see that the collection is going on properly, and to see just how 
much gas has been collected. 

The use of phosphorus for the determination of the oxygen it 
certainly more convenient than the use of the slow-acting pyro- 
gallol, but it has several disadvantages. The first is that, if the 
apparatus should break, as occasionally happens to all of us, the 
phosphorus catches fire and is rather dangerous. The second 
disadvantage is that, if there should be any ethylene present, the 
phosphorus will not act on the oxygen. Other hydrocarbons— 
alcohol, ethereal oils, and ammonia—act in the same manner as 
ethylene. (Footnote, v. Hempel, p. 124.) Thirdly, if there be any 
carbonic oxide present when the gas is passed over the phos- 
phorus, part will be oxidized into carbonic acid, making the 
subsequent determination of the carbonic oxide erroneous. My 
authority for this statement is Dr. A. H. Gill, who has charge of 
the department of gas analysis of the Massachusetts Institute of 
Technology. In spite, therefore, of the greater speed and conve- 
nience of the phosphorus, I prefer to use the slower acting but 
Safer and more accurate pyrogallol for analyzing flue gas. If 
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Professor Carpenter, when analyzing air with the pyrogallol, 
failed to absorb all the oxygen, it must have been due to a poor 
solution, as Hempel (p. 116) comes to the conclusion that the 
last trace of oxygen can be removed with certainty. The fact 
that the sums of the carbonic acid, oxygen, and either the whole 
or half of the carbonic oxide, are not constant when analyzing flue 
gas, is not necessarily due to any mistake, but to the fact that 
oxides of nitrogen are formed from the air in varying amounts, 
which do not appear in the analysis, and also to the burning of 
the hydrogen in the coal, forming H,O, which does not appear 
in the analysis. The amount of hydrogen burned varies greatly 
at different times. Shortly after firing, the amount of hydrogen 
burned reaches a maximum, and the sum of the carbonic acid and 
oxygen may not be over 12 per cent. or 14 per cent. Before the 
next firing, the hydrogen is often so completely burned that there 
is nothing left in the coal but pure carbon, and the sum of the 
carbonic acid and oxygen may be the same as the percentage of 
oxygen in the air. 

In regard to the formula biigiponteid by Professor Kinealy, it 
neglects the moisture in the gases and the air accompanying the 
oxygen which was used to form part of that moisture by burning 
the hydrogen in the coal. If the examples given in the appendix 
to the paper are figured by the formula, it will be seen that there 
is a sensible, though not a very serious, inaccuracy. The formula 
is not necessary in the boiler room, as it requires very little prac- 
tice to be able to regulate the fires on knowing the percentage 
constituents of the gas, without waiting for the figures of pounds 
air per pound of carbon. In fact, on account of the varying 
amounts of hydrogen burned at different times, before and after 
firing, the percentage constituents are a better guide than even 
an exact computation of the amount of air. 

. In regard to the value of the information obtained by analyzing 
the gases and making out the heat balance, that, so far as the 
commercial side of it is concerned, must be decided by each one 
for himself, and the remark made to me a year or so ago by a 
representative of one of the large boiler companies is, unfortu- 
nately, true. “(Gas analyses don’t sell many boilers.” But so far 
as the engineering side of it is concerned, we have in the gas 
analysis and the heat balance a weapon which, when properly han- 
dled, will tell us a great deal which we can’t get from an ordinary 
boiler test. The expense is not very great, and even if, some- 
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times, we do account for more heat than there is in the coal, that 
is better than making a mistake when there is no check on our 
work. Sometimes we do not account for all the heat—2 per cent., 
or even 20 per cent., as Mr. Kent has at times found missing. 
But in the ordinary test all the heat, except what is in the steam, 
is unaccounted for, and an attempt to tell the reasons of a good 
or bad boiler performance, even if partially unsuccessful, is better 
than to give up without even trying. 
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DCCXLI.* 
HYGROMETRIC PROPERTIES OF COALS. 


BY R. C. CARPENTER, ITHACA, N. Y. 


(Member of the Society.) 


THE investigation described in the following paper was un- 
dertaken for the purposes of ascertaining the relative qualities 
of various coals when in the same physical condition with ref- 
erence to absorbing moisture from the atmosphere. ‘The in- 
vestigation was suggested by noticing the losses or gains which 
took place in different samples of coal corresponding to the 
changes in the humidity of the atmosphere. 

Two lines of investigation were undertaken : 

First, a number of samples of different coals were reduced to 
a uniform physical condition by grinding or powdering; were 
then thoroughly dried, and afterward simultaneously exposed 
to a saturated or nearly saturated atmosphere, for « period of 
from six to eight days as required, to obtain constant weight. 
The weight of moisture was determined by taking the difference 
between the first and final weights, and this result was checked 
by thoroughly drying and reweighing. 

Second, an investigation was made to determine the effect of 
the size of particles upon the power to absorb moisture: the in- 
vestigation being similar in nature to that previously described. 

The method of drying in all cases was the same. The coal 
was heated to a temperature of from 220 to 240 degrees Fahr., 
and maintained in that condition for one hour. 

Results indicate a very great difference in the absorptive power 
of different coals when in the same physical state, but show, 
however, a striking similarity in this respect of coals which are 
known to possess similar qualities from the same geographical 
districts. Thus, the various samples of anthracite absorbed 
amounts of moisture which varied from slightly under 5 to 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the 7ransactions. 
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slightly over 6 per cent. of the weight of the dry coal; the cok- 
ing coals from Western Pennsylvania absorbed amounts which 
varied from slightly less than 1 per cent. to about 3 per cent. ; 
the Western bituminous coals absorbed from 8 to 14 per cent. 
Pocahontas absorbed an amount greater than the anthracites. 

The first investigation seemed to indicate that, independent 
of the physical condition, different coals vary greatly in their 
hygrometrical properties, and that, with few exceptions, the 
power of absorbing and retaining moisture is less as the calo- 
rific value is greater. 

Thus the results show that the maximum amount of moisture 
which would be absorbed by coals powdered so as to pass 
No. 80 sieve, were on the various tests as follows : 


Eastern Coking Illinois and Indiana 
Anthracites. Coals. Coals. 
% % 
6.37 0.69 8.96 
5.08 1.29 14.10 
5.56 1.94 10.60 
5.70 3.16 4.65 
5.26 2.10 10.20 
4.66 2.36 7.80 
6.00 
5 07 
6.04 
6.34 
Average. 5.60 1.92 9.77 - 


The effect of the size of particle is quite decided. The larger 
the particle the less the weight of moisture which is absorbed. 
This indicates that the absorptive power is in part due to 
capillary action of the surface (Fig. 301). 

In the second investigation the pieces of coal were made as 
nearly of definite sizes as possible considering their irregular 
shape, having diameters respectively one inch, half inch, quarter 
inch and powdered so as to pass through sieves of 60 to the 
inch. In these experiments there were used two samples of 


‘anthracite coal, one obtained by breaking up pieces of egg coal, 


the other pieces of pea coal ; two specimens of bituminous coal, 
one an Illinois coal and the other a Cumberland coking coal. 
The results of this investigation show an increase in absorptive 
power as the size of the particle is diminished. The results are 
slightly irregular, due probably to irregularities in the samples 
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selected, but the variation, however, is no more than would 
probably be found in the selection of samples. 

In connection with the drying of coals at temperatures above 
the boiling point a number of experiments were made to 
determine whether there was any sensible loss of. volatile 
matter, but so-far as could be determined by repeated trials, 
alternately drying and moistening, and by varying time of drying 
from one to three hours, no loss of volatile matter could be 
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detected, and it seems exceedingly probable that no loss of 
importance occurs at temperatures below 300 degrees Fahr. — 

For this reason it would seem entirely safe to use this method 
of drying coals in testing boilers, as it is easily applied, and has 
given very satisfactory and uniform results for the writer when- 
ever used. The following tables give the results of the various 
observations and the names of the coals from which the experi- 
ments were made. The observations were taken by OC. E. 
Houghton, M.E., and E. C. Sickles, M.E. 
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D SCUSSION. 


Mr. hk. S. Hale.—Professor Carpenter’s paper is exceedingly 
interesting and valuable, but I fail to find in it the data to make 
clear one or two points, and I disagree partially with the statement 
on the bottom of page 940 as to a safe method to be used in test- 
- ing coals for moisture. 

In regard to the absorptive capacity of coals of different sizes, 
I have found when drying two samples of coal, the one of lump 
size and the other of fine coal, that at first the fine coal lost by 
far the most weight, but that toward the end of the experiment it 
was the lump coal which showed the greatest differences on suc- 


cessive readings. The indication was that if the experiment had — 


been continued long enough both the lump and the fine coal 
would have given the same results. Now, in the experiments in 
the paper it is shown on page 942 that it took one week for some 
samples of fine coal fo reach a constant condition. The lump sam- 
ples on page 941 were, some of them, eight or ten times as thick 
as the samples of fine coal, and might, therefore, be expected to 
take a proportionate time before reaching a constant condition. The 
experiment on page 941 was, however, apparently continued only 
five weeks, and no data are given to show that the lump coals might 
not have gone on increasing in weight for some time, nor are there 
any data to show that before beginning the experiment they had 
been brought to the same condition as the samples of fine coal. 
In regard to the latter point, as to whether the samples were in 
the same condition when beginning the experiment, it is implied 
that the coals were dried for one hour at 220 to 240 degrees Fahr., 
and this brings me to the point on which I take issue with Pro- 
' fessor Carpenter. On the bottom of page 940 he states that it is 
entirely safe to use this method of drying coal in testing boilers, 
saying that he finds no loss of volatile matter after drying for three 
hours. The chief difficulty with this or any method of drying yet 
proposed is not that volatile matter is given off, but that oxygen is 
absorbed while drying. Fischer (Chem. Tech. v. d. Brennstoffe, 
p. 108) gives the following experiment: Coal was dried for three 
hours in two litres of air which had previously been freed from 
all moisture and carbonic acid. The temperature was 110 to 100 
degrees C. After the drying, the air was found to contain 1.844 
per cent. of water and 0.196 per cent. of carbonic acid, carbon, 
and hydrogen, making 2.04 per cent. in all. But the loss of 
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weight of the coal was only 1.778 per cent., showing that the coal 
had been absorbing oxygen. The same action has been noticed 
by many experimenters. In my own practice I once dried a 
sample of coal until it showed a negative amount of moisture, 
Prof. V. B. Lewes speaks of an increase of weight of 2 per cent. 
when heated to 250 degrees Fahr. after previous drying, an 
amount which would not be negligible in a boiler test. If Pro- 
fessor Carpenter has in use any method which gets rid of this dif- 
ficulty, it is to be hoped that he will give the details to the Society. 
The absorption of oxygen by the coal is now known to be the 
cause of spontaneous combustion, and any method of preventing 
‘such absorption will be of great importance to others besides 
those of us who test boilers. 

Mr. Wm. Kent.—I think this paper of Professor Carpenter's 
results, in some degree, from a correspondence which I had with 
him during the past year on the subject or drying and analyzing 
coal. In connection with a series of boiler tests which I made last 
year, I sent samples of twenty different coals to Professor Carpen- 
ter to have him make calorimeter tests and proximate analyses, 
and called his attention to the necessity of thoroughly drying the 
coal; and I communicated to him my method of drying coal, 
which Professor Carpenter has since confirmed—that is, that the 
coal must be heated to over 240 degrees—say, from 240 to 300 
degrees. I informed him at the time that I had found that there 
is no loss whatever of volatile matter at that temperature. The 
first public announcement which I made of that fact was in revising 
my closing discussion of the paper read at the St. Louis meeting 
(Transactions, vol. xvii., p. 671), answering a criticism made con- 
cerning drying coal at too high temperature. In that discussion 
I stated that I found no loss in volatile matter at a temperature 
below 300 degrees, and Professor Carpenter now confirms that 
statement. Mr. Hale takes issue with Professor Carpenter, but 
offers no data to substantiate his position. It is often said by 
writers on this subject that volatile matter is lost in drying coal 
even as low as 212 degrees. I have not, however, been able to 
find any reference showing any proof of that statement, and my 
own results with twenty different kinds of coal, running from Pitts- 
burg out to Illinois, have never shown any reduction of weight 
after heating even to 350 degrees, but in all cases, after reaching 
a minimum weight, a slight increase in weight took place, probably 
due to oxidation. The method which I finally used to determine 
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the moisture in these coals may be described -briefly as follows: 
Having obtained an average sample of the coal used in the boiler 
tests, using especial precautions to prevent its being air-dried 
during the process of sampling, it is run through a coffee mill 
adjusted so as to make rather coarse grains; 40 grammes are then 
dried in a sand bath at from 240 to 280 degrees, until it has 
reached a minimum weight (as determined by repeated weighings 
after heating an hour or more between each weighing) and begins 
to show an increase in weight. The weighings were made on a 
torsion balance prescription scale, to one centigramme, or one 
part in 4,000. 

So far as I have gone, this is the best way I know of to deter- 
mine the moisture in coal; but the moisture thus determined will 
not be quite high enough—that is, there may be an error of one- 
quarter of a per cent. due to oxidation of the coal. Now, in regard 
to the proofs of this method of testing. The duplication of results 
was extraordinary, frequently coming to one or two tenths of one 
per cent., and after reaching the minimum the increase by oxida- 
tion would be an extremely small fraction, usually not over 0.1 per 
cent. The question now is, Did we lose volatile matter or not? 
One test was made by putting the coal into a closed retort, heat- 
ing it, and passing the gaseous products, if any, into a jar inverted 
in water. On heating to 350 degrees no gases were found. 
Another was to take a piece of lump coal, which to all appearance 
was dry, from under a shed, where it had been for a long time, and 
treat it by this rapid method of heating to from 240 to 280 degrees ; 
and take a duplicate piece and put it in a desiccator over concen- 
trated sulphuric acid, and let it remain two months. Two pieces 
of Illinois coal thus treated lost 14 per cent. of moisture in two 
months by each of the two methods of drying. Then, again, tak- 
ing that dried coal which was dried by heating to 240 or 280, and 
exposing that, where it. would not be touched, to the ordinary air 
for two months, and it absorbed back the whole 14 per cent. So 
the results were checked in several different ways. There can be, 
no doubt, other methods devised by chemists to determine it with. 
still greater accuracy, by taking the retort of coal and filling it 
full of nitrogen gas to avoid oxidation, heating it, absorbing the 
moisture driven off in chloride of calcium, and determining the 
moisture by the increase in weight of the chloride of calcium as 
well as by the decrease in weight of the coal. 
Mr. Gus. C. Henning.—The experiments in the paper are 
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based on a fundamental method, which is criticised in the paper 
itself. At the bottom of page 939 it says: “The effect of the 
size of -particles is quite decided. The larger the particle the — 
less the weight of moisture which is absorbed. This indicates 
that the absorptive power is in part due to capillary action of the 
surface.” In spite of this fact, Professor Carpenter bas made no 
attempt to get a uniform size. He says in the case of fine pow- 
dered coal he passed it all through a No. 80 sieve. Now, 
passing it through an 80 sieve means that it has all the degrees of 
fineness of powder which has passed through that sieve. What 
he should have done is to pass all of the powdered material 
through a No. 80 sieve, and then take out all the very fine 
material by using a finer sieve ; then a material which is nearly 
uniform would be obtained. And he must determine beforehand 
how much finer the second sieve must bein order to get an appro- 
priate sieve for the purpose of his work, because the amount of 
material that is used and the moisture contained therein are very 
minute indeed. Then we come to the next paragraph, where he 
describes the use of larger shapes—one inch, half inch, quarter 
inch, and powdered so as to pass through sieves of 60 to the 
inch. Here again is the same error. It is pointed out that there 
are errors due to irregular sizes, and I again ask why does he 
not separate the pieces and get one uniform grade? Then he says 
the shapes were irregular. I should say it is not very difficult to 
obtain pieces of anthracite and of soft coal of various kinds which 
are sized very closely, even if it takes a stone or a file or something 
else to get them to size. There is one thing which I think is 
rather striking, and that is the small amount of absorption in 
coking coal, while in the anthracite coal it is very much more. 
There is a great variation in the Eastern coking coal in the figures 
given, It will be seen that it varies from nearly 7 up to 13.16, 
while in the anthracite coal the variation is very small—from 4.66 
to 6.87. That shows that in the case of anthracite the results 
were tolerably good, but in the case of Eastern coking coals he 
found such a great variety that he is not justified in drawing the 
conclusion that the average is 1.92. He cannot grade the two 
materials together. In the case of the Illinois coal he has taken 
coal that has a moisture of 4.65 up to 14.10. Those cannot be 
averaged. There should be two averages, which is in one case 
: 123 per cent. and in the other case not over 6 per cent., while his 
average is 9.77. These should be separated into different kinds 
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of coal, and then the average will appear very much better; and 
I think when that is taken into account and when this difference 
in size is eliminated his results will be much more uniform than 
they are given in the paper. 

Mr. Kent.—I did not say anything in my -remarks about the 
sizes mentioned in Professor Carpenter’s paper. I simply wish 
to add that I found the same amount of moisture in a sample of 
lump coal one or two inches in diameter which I found in a dupli- 
cate sample that was crushed in a coffee mill, providing the dry- 
ing was continued long enough. It took longer to dry the lump 
coal. Now, the capillary attraction on the surface does account 
largely for the moisture in the fine coal, and it seems that in the 
Western coking coals the moisture is of the same character as the 
moisture in wood ; and I will ask to add to my discussion a quo- 
tation from Professor Johnston’s recent work, showing just what 
happens when you dry a piece of wood. You never, at any ordi- 
nary temperature, can get a piece of pine wood dry. If you keep 
the heat on you will finally destroy the wood. If you get it what 
they call kiln-dry and then expose it to ordinary atmosphere, it 
will continue absorbing moisture until it has the normal amount 
of moisture. So, with the Illinois coals they act the same way: 
if you dry them and then expose them to the ordinary air, they 
will get all the moisture back again and hold it by capillary 
attraction in the minute particles inside the coal. 

Prof. R. C. Carpenter.*—There seems little to be stated in 
respect to the discussion, except to clear away some misapprehen- 
sions which are evidently the results of a misunderstanding of 
the case. 

In respect to Mr. Hale’s remarks, I would say, first, that there 
is no statement on page 941 that it took four weeks for the coal to 
attain its driest condition, nor was any such an impression in- 
tended to be conveyed. The entire experiment, which included 
many repeated dryings and moistenings, occupied the time of four 
weeks. The actual time required to dry a sample, instead of 
being four weeks, was less than one hour, in view of which Mr. 
Hale’s inference and argument seem entirely gratuitous. It is 
doubtless true that a large piece of lump coal would dry more 
slowly than fine coal, but that question has not been under con- 
sideration in the paper. I do not, however, enter upon the ques- 
tion whether or not it would contain more moisture. In regard 
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to the gain or loss of weight, I would say that we have carried on 
some very extensive experiments in relation to the amount ‘of 
moisture which is absorbed, driven off, and reabsorbed, using for 
this purpose samples of coal from fifteen mines in this country 
which were widely separated. The publication of this investi- 
gation will be given in full at a later time, but the investigation 
seems to show—First : That with the most volatile coals there is 
no sensible loss of weight due to the driving off of volatile matter 
under a temperature of 380 degrees Fahr., and with anthracite 
coals there is no sensible loss under a temperature of 700 degrees 
Fahr. Second: Regarding the gain in weight which we found to 
commence under certain conditions after the coal was exposed to 
the atmosphere, and which Mr. Hale attributes to the absorption 
of oxygen, we found that if the coal was weighed in the presence 
of sulphuric acid, or before it had any chance to absorb moisture 
from the air, no gain was experienced in any case. We, further. 
more, found that coal would absorb a certain amount of moisture 
from the air almost instantly, and in a saturated atmosphere it 
would return to its original weight in the course of fifty to eighty 
minutes. This investigation leads me to believe that the gain in 
weight to which Mr. Hale refers is due, not to absorption of oxy- 
gen from the atmosphere, but to the absorption of moisture ; and 
I feel very certain that if Mr. Hale will prevent his coal from 
absorbing moisture, he will find no gain in weight under any con- 
ditions whatever. 

I am more than ever convinced from this latter investigation 
that it is perfectly safe and proper to dry coals at a temperature 
of 350 degrees, and believe there will be neither further decrease 
or increase, provided the coals can be weighed entirely free from 
the chance of absorbing moisture. 

Mr. Kent’s experien¢e, which is backed up by a very extensive 
investigation, is entirely in harmony with my own, and I believe 
it absolutely correct. 

Mr. Henning’s discussion with relation to the size of pieces is, 
it seems to me, of little weight, and if of any importance what- 
ever, the matter is entirely answered by referring to the diagram 
on page 940; there it will be noticed that the effect of size is 
not of the importance that Mr. Henning would have us believe 
—in fact, I may say that, if the experiment had been extended 
over a sufficiently long time, it would absolutely be without inflv 
ence. The only effect that size of particle has upon the result 
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is to vary the time which is required for the absorption of a given 
amount of moisture, and had the experiments continued over a 
longer time, it would have been absolutely without effect. The 
paper shows a remarkable difference in the absorptive power of 
different coals; but, on the other hand, it shows a remarkable 
uniformity in coals from certain districts and a Jack of uniformity 
in coals from other districts. It is not, however, to be presumed 
that the averages, for instance, in the coal districts of Illinois and 
Indiana, when there is a great variation, are of any great value 
in indicating the amount of ‘moisture from any mine. 

The writer has reason to believe that the cause which lead to 
the investigation described in the paper was not understood by 
Mr. Henning; otherwise the point which he has made regarding 
the size of coal would not have seemed so important. The follow- 
ing explanation may throw some light on this point, and had it 
been stated in the paper, I feel that such a misunderstanding 
would not have arisen. 

In reviewing the work connected with certain boiler tests, it 
was noted that in some instances the correction for moisture in 
the coal was only 3 or 4 per cerit., while in others it was as high 
as 15 per cent. This latter number was so very great that the 
writer was inclined to doubt the accuracy of the results of the 
boiler tests in question. The investigation was undertaken to find 
out the capacity of different coals under the same condition to 
absorb and retain moisture, and quite naturally the coals were 
reduced to the same physical condition and to a condition in 
which they would absorb quickly the maximum amount of water. 
The investigation was simply a comparative one, the important 
step that all the coals be in the same physical condition being 
fully complied with. The effect of slight variation in sizes was 
determined by later investigation fully described in the paper. 
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THE LAWS OF CYLINDER CONDENSATION. 


BY ARTHUR L. RICE, BROOKLYN, N. Y. 


(Junior Member of the Society.) 


Tue losses in the steam engine, aside from the thermodynamic 
loss which is due to the method of transformation and cannot 
be avoided so long as the present method is used, are those of 
clearance, radiation, initial condensation, and friction. The 
greatest cause of loss is condensation, as will be seen by refer- 
ence to Fig. 302, where the relation of steam consumption and 
ratio of expansion is shown for 120 pounds absolute. Curve 4 
is for the ideal engine of Rankine, with non-conducting cylinder, 
no condensation and no clearance ; B for the same engine, with 
the loss due to 7.6 per cent. clearance added ; C for the same 
engine, with conducting cylinder and condensation loss; D 
for the brake power of the engine; i.ec., with friction loss. . 
The vertical distance along an ordinate between A and B 
measures the increase in steam consumption due to clearance, 
between B and C that, due to condensation, between C’ and D 
that due to friction. 4’, B’, C',and D’ are corresponding effi- 
ciency curves, and vertical distances between them measure 
corresponding losses of efficiency. The radiation loss was too 
small a variation to be shown on the diagram. 

The importance of the condensation loss is also shown in the 
business world by the great expense incurred for jacketing and 
compounding engines in order to reduce it somewhat, and by 
the saving effected by engines with these preventive features 
over those without them. By the means mentioned, the conden- 
sation has been reduced greatly and much higher pressures can 
be used, with a proportional degree of expansion and correspond- 
ing economy ; but if pressures are to go on rising, it is impor- 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
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tant to reduce the loss still further, and in order to do this we 
must get at, so far as possible, the laws governing condensation. 
For engineering purposes the condensation per horse-power 
hour, or expressed as a per cent. of total steam used, would 
seem most convenient, and these two quantities were investigated. 
The latter was found to be the one for which most satisfactory 
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results could be obtained, and has been retained in the dis- 
cussion. 


THE ACTION OF CONDENSATION. 


For the sake of a better understanding of the phenomenon of 
condensation it is worth while to see what are the causes leading 
to it. Consider first the action of the Rankine ideal engine. 
This has a non-conducting cylinder, admits steam with immediate 
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rise in pressure, maintains the pressure constant to cut-off, 
expands adiabatically, releases with immediate drop to back 
pressure, and exhausts at constant pressure. The cylinder will 
not absorb heat. There is no clearance and no chance for heat 
loss except that due to the nature of the cycle. During admis- 
sion the work is due to the generation of new steam in the boiler, 
that in the cylinder acting simply as a medium for the trans- 
mission of force; after cut-off, the steam works expansively, 
transforming some of its internal energy into work, and, as a 
consequence, some of the steam must condense in order to 
furnish the heat so transformed. The condensation goes on 
throughout the mass of the steam, and the water particles thus 
formed are held in suspension in the form of a mist. The 
amount of this condensation is proportional to the amount of 
expansion, and is but a small percentage of the total steam 
except for very high ratios of expansion. The condensed steam 
which may cling to the sides and heads of the cylinder and to 
the piston will remain in the cylinder except as swept out by the 
piston on the exhaust stroke. That which remains in suspension 
in the mass of the steam will be carried out at the exhaust with 
the steam. The water which remains clinging to the walls of 
the cleararice spac? will fall, during exhaust, to the temperature 
corresponding to exhaust pressure. On admission this water 
will take up heat from the incoming steam until it rises to the 
temperature of that steam, and to furnish the heat needed some 
of the fresh steam will be condensed. The condensation will be 
due to contact with the cooler water and will be local at the 
points on surfaces where such water exists. The water formed 
by this action will be added to that already existing, thus 
increasing the size of the drops or the thickness of the film 
on the clearance surfaces. Durinz admission no further con- 
densation will occur, but during expansion there will be the 
same condensing action as on the previous stroke throughout 
the mass of the steam; there will be the same tendency for some 
of the water thus formed to cling to the walls as on the first 
stroke, and some of it will unite with the film already on the 
clearance surfaces to increase its thickness. ‘To evaporate at 
exhaust pressure the water so added would require the expen- 
diture by the water film of the latent heat of vaporization at 
that pressure for such amount of water as is evaporated. There 
-is available only the heat due to the fall of the water film from 
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the temperature of admission to that of exhaust. This is obvi- 
ously not sufficient to evaporate both, the addition from con- 
densation during admission and that from expansion, so that 
the clearance surfaces arrive at admission with a little more 
water upon them than at the end of the first exhaust stroke. 
The same thing will occur in succeeding strokes, the film of 
water growing a little thicker during each cycle until the limit 
is reached when more water refuses to adhere to the clearance 
surfaces. Thus we see that to have initial condensation we do 
not need a conducting cylinder, only adiabatic expansion. In 
regard to this Isherwood says that the “initial cause of conden- 
sation is the dew deposited from external radiation and adia- 
batic expansion.” * 

The larger the expansion the sooner will the condensation 
come to its limit, but it will reach it sooner or later. If there 
be no expansion there will be no condensation. 

Let us now consider what will be the course of events if the. 
cylinder be capable of absorbing and giving up heat. Let the 
cylinder be as warm as the entering steam and the walls free 
from moisture. During admission for the first stroke we shall 
have the same action as in a non-condensing cylinder; during 
expansion there will be condensation, as before, and the same 
tendency for some of the moisture to cling to the walls ; but the 
walls were hot to start with, and, as the water touches them—it 
being cooler than they—heat will flow into it and some of it be 
reévaporated. Thus the walls will be kept dry until exhaust. 
During exhaust some heat will flow into the cold steam from 
the cylinder, but the amount will be small on account of the poor 
conductivity of the layer of dry steam next the cylinder walls. 
At admission there will be no layer of water to be heated 
by the incoming steam; but the walls themselves have given 
up some of their heat, and hence their temperature has fallen 
below that of the admission steam, and heat will be required to 
restore them to their original condition. This will call for the 
condensation of steam to furnish the heat, and the water from 
this local condensation will be deposited on the surfaces to 
which the heat is surrendered. This will continue, on the fresh 
surface exposed to the steam by the moving piston, up to the 
point of cut-off. During expansion the walls and their water 


* Engineering Researches, vol. i., p. 180. 


it 


954 THE LAWS OF CYLINDER CONDENSATIUN. 


film will give up heat to the water of expansion which comes ia 
contact with them, the amount of the action depending on the 
ratio of expansion ; at release the temperature of the steam will » 
fall to that due to the back pressure, the film of water will give 
up heat to the steam, or will itself partly evaporate until the 
remainder reaches the temperature of exhaust; then heat will 
flow from the hotter cylinder walls to evaporate that remaining, 
The walls will thus be deprived of more heat than on the previ- 
ous stroke, for there will be abstracted, by the film condensed 
during admission, nearly as much as it gave, and, in addition, 
that needed to evaporate the water particles due to expansion 
which touch the wall. Thus at admission the walls will be dry, 
but at a lower temperature than at the end of the former 
exhaust stroke. During the third admission more steam will be 
condensed to heat the cylinder than during the second; during 
the third expansion and exhaust more heat will be given up by 
the walls than during the second, so that at the end of the third 
exhaust stroke the cylinder will bo cooler than at the end of the 
second. The action will thus be cumulative, the limit being set 
either by the water which can adhere to the cylinder or by the 
capacity of the walls for absorbing and rejecting heat. During 
exhaust, after the adherent water has all been evaporated there 
will be almost no heat given up by the cylinder on account of 
the poor conducting power of the dry steam, but during admis- 
sion, expansion, and the early part of exhaust the heat inter- 
change will be much greater between the walls and the steam 
than between the water film and the steam in a non-conducting 
cylinder. If there be no expansion, there will be some condensa- 
tion due to the rise and fall of temperature of the cylinder 
walls, but the action will be slight. Isherwood says: “On the 
whole, there is probably but a trifling difference in the loss by 
the lowering of the temperature of the cylinder metal by the 
superheating of the steam or vapor within, whether the steam be 
used with or without expansion.”* 

We have seen how condensation acts by absorption and re- 
jection of heat ; also that it is due, for the most part, to the con- 
densation of steam during adiabatic expansion, but to some 
extent to the rise and fall in temperature of the absorbent cyl- 
inder walls. To avoid it utterly, all condensation during expan- 
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sion must be avoided, or we must have a cylinder surface which 
is non-absorbent of heat and to which water cannot adhere. 

In the actual engine, probably, the loss is produced partly 
by the metal, partly by the water, and the part which each takes 
in the action is continually varying. 

If there were no lag of the temperature of the walls behind 
that of the steam, the metal would go through the full tempera- 
ture range due to the change in pressure from admission to 
exhaust at each stroke. Fortunately there is lag. The con- 
densed steam is all evaporated soon after release, and before the 
walls, except at the very inner surface, have reached the tem- 
perature of exhaust. After that the rejection of heat to the dry 
steam is slow, and the walls may not be much below the tem- 
perature xt release when the entering steam of a new cycle 
strikes them. At admission, however, steam condenses on the 
surfaces, giving a good conducting film of wet steam, and heat 
will flow into the walls until they have attained the maximum 
temperature of the steam. Thus the walls may be hotter, but 

never much colder, than the steam in the cylinder. If we can 
keep the walls dry, or a layer of dry or superheated steam next 
them, it will reduce the action, for the walls will give up less 
heat during expansion and exhaust, and consequently take vp 
less during admission. Also the less the rate of expansion in a 
cylinder the less will be the condensation due to expansion, and 
the less will be the heat taken from the walls by the steam next 
them during exhaust. On these facts the expedients depend for 
their success which have been employed to reduce the evil. 


FACTORS THAT CONTROL CONDENSATION. 


Having seen how important a source of loss condensation is, 
and how the action proceeds during a cycle, we next wish to 
know which factors determine the amount of condensation in 
any given case, which are most important, and how they may be 
80 controlled as to make the loss a minimum. In order to get 
at these facts it will be best to consider first the laws of trans- 
mission of heat. We may confine ourselves to metals and for 
the most part to iron, for with this material only do we have to 
deal in the real engine cylinder. Evidently the best metal is 
that which has most resistance to the flow of heat into it, both 
at the surface and through the interior. Isherwood found that 
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the conductivity of metals is as follows, his method of deter. 
mination being to fill metal pots with water at 212 degrees 
Fahr., surround them with steam, and measure the evaporation 
in a given time : * 
Capper... 1008 Wrought Iron ........0.581 
Brass (60 Cu, 40 Zn)... .0.866 0.491 


He found also that between } and $ inch the amount of heat 
transmitted was independent of thickness and proportional to 
the temperature difference between inside and outside surfaces, 
This would seem to show that the resistanc> to flow of heat is 
almost entirely at the surface of the metal ; hence that the char- 
acter of the surface is more important than that of the interior, 
an importance increased by the fact that as there is internal 
resistance to the flow of heat to and from the metal, the por- 
tions near the surface will be more active in heat interchange 
than those deeper in the metal; hence they will have a greater 
temperature range. From the table, cast iron is the best of the 
available metals so far as conductivity is concerned, and it is” 
the one most used for cylinders. 

The heat capacity, or specific heat, must have an influence as 
determining how much heat will be absorbed by the layer of 
metal in action while going through a given range of tempera- 
ture. If an entirely non-absorbent and non-conducting sub- 
stance could be used, evidently there would be nothing but the 
water in the cylinder to produce condensation, and the action 
would be much reduced. The relation of specific heats is as 
shown by the following values from Kent’s Mechanical Engineer's 

DPocket-Book, p. 457 : 


TTT 0.0939 Wrought Iron....... 0.1188 


Cast iron will absorb more heat than any other of the com- 
mon metals which are available. It would seem from this that 
a brass cylinder might be a good device, but durability and cost 
must be considered as well as heat capacity, and, with any metal, 
there is still the water film to contend with. Experiment has 
shown that the conducting power of a solid cylinder of bronz 
more than balances the apparent benefit of small absorption-+ 


* Shock, Steam Boilers, p. 58. 
¢ Donkin, Proceedings lost. Civil Eng., vol. cxv., p. 268. 
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Experiments have been tried with various surface linings, but 
none have proven of sufficient value to come into general use. 
In respect to the effect of the condition of the surface there has 
been some experimentation. Mr. D. Croll found that a cast- 
steel cup having part of the surface rough and part turned and 
polished, when filled with hot water would evaporate a film of 
water formed on the outside by the condensation of steam in 
48 seconds from the rough part and in 78 seconds from the 
smooth. This would indicate a much more active heat inter- 
change between the steam and rough surface than between the 
steam and the smooth surface. This inference is apparently sup- 
ported by the action of two engines built, the one with rough 
piston and cylinder ends, the other with the surfaces finished ; 
the former seemed to work with a great deal of water in the cyl- 
inder, the latter quite dry, but no positive experiments have yet 
been reported.* Doctor Thurston has invented a method of 
treatment for iron surfaces by pickling in acid to render the 
iron somewhat porous, then coating with a varnish of drying 
oil. He has succeeded in reducing the condensation 40 to 60 
per cent. by this method.t This being so, it is probable that 
the film of oil which would collect on the clearance surfaces 
when running will tend to reduce the action of the metal. The 
oil will also be beneficial in tending to prevent water from ad- 
hering to the walls. Hence the attempts now being made to 
substitute graphite for oil in cylinder lubrication may prove 

injurious to economy from the effect on condensation. 
Spee/.—Initial condensation must evidently be, in some way, 
proportional to the time for either absorption or rejection of 
heat by the metal. It is more convenient to consider the speed 
of revolution than the time of contact of the steam and the 
cylinder wall in the case of the engine, but as such time is 
inversely proportional to the speed, this involves no difficulty, 
the speed factor being simply placed in the denominator. 
Whether the time of contact considered should be that with the 
admission steam or that with the exhaust, is a matter admitting 
of some debate ; the speed will be proportional to either, so that 
it will make no difference in the relative values of the conden- 
sation at different speeds, but it will make a decided difference 
in the formula for condensation at any given speed. We have 


* Transactions Institute Naval Architects of Great Britain, 1894. 
+ Transactions A. 8. C. E., 1890. 
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seen that initial condensation is produced by previous evapora- 
tion of adiabatic condensation. On this basis it would seem that 
the time of evaporation—.e., time of contact with the exhaust 
steam—will govern the amount of heat which can be exchanged 
between the two substances. This time is generally longer 
than the time of contact with the live steam, too, if the whole 
period of exhaust is considered ; but in many cases the water 
film is all evaporated from the wall early in the return stroke, 
and from that time on the action will be almost nothing. In 
the case of the admission the action will continue up to cut-off, 
for fresh surface will be coming into contact with the live steam 
all the time, and the walls are covered with moist steam, which 
is a good conductor of heat. The rates of absorption and rejec- 
tion are probably about equal so long as moist steam is in con- 
tact with the wall; so that the times of action of the heat inter- 
change during exhaust and admission are, perhaps, not greatly 
different. As a matter of scientific interest, the true limit may 
be worthy of determination, but the relation of condensation to 
speed in revolutions per minute is the point which is of interest 
to the engineer and, as has been mentioned, this relation will 
be the same whether the time for exhaust evaporation or admis- 
sion condensation is the one that limits the action. 

Dr. Thurston, in 1881,* first suggested that the condensation 
varied in proportion to the square root of the speed, a result 
derived independently in 1882 by Escher.t All experiments 
seem to agree fairly well with this law. Other suggestions 
have been those of Prof. W. D. Marks (1886), who, considering 
the tests of Messrs. Gately and Kletzsch, found the function 
to be the inverse first power ;{ Mr. Bodmer (1889) who found 
from the tests of Mr. Willans and Mr. English that the variation 
was inversely as the two-thirds power of the speed ; and Mr. 
Barraclough (1894), who considered the one-third power as the 
correct factor. For investigation on this point, tests made by 
Major English in 1887, those by Professors Denton and Jacobus 
in 1889, those by Mr. P. W. Willans in 1893, and a series made 
by Messrs. Marks and Barraclough in 1894 were considered. 
These seemed the only ones on record which were sufficiently 
complete and reliable for the purpose. The tests of Major 


* Journal of the Franklin Institute. 
+ Zeitschrift des Vereines Deutscher Ingeneure. 
¢ Journal of the Franklin Institute. 


THE LAWS OF CYLINDER CONDEXSATION. 


| 
Tests jor Mason ewan 


3 


Condensation, Per cent 


60 70 


80 90 100 110 120 
Speed, Revolutions per Minute 


Fie. 303. 


English * were made to determine the condensation on the clear- 
ance surfaces of a slide-valve engine with cylinder 10 inches in 
diameter by 14 inches stroke. The connecting rod was discon- 
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nected and the piston blocked at the head end of the cylinder, 
the crank end of the cylinder and the port being filled with wood 
and iron, and the port closed with a brass plate scraped flush 
with the valve seat. The shaft and eccentric were run by another 
engine, the cut-off corresponding to 0.7 stroke. Experiments 
were made at 60, 45, 35, and 25 pounds absolute pressure, and 
at 130, 100, 70, and 50 revolutions per minute. The conditions 
were not‘the same as in the working engine, and would give the 
effect due to the iron alone, not that due to the expansion ; but 
in the slide-valve engine the expansion is generally small, any- 
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way, so that the results may not be far different from those in the 
actual case. The percentage of condensation is reckoned on the 
total amount as weighed from the condenser. This includes tho 
steam condensed and that to fill the clearance only, so that the 
percentage has an abnormally high value, and only the rate of 
variation with speed can be compared with the other tests. It 
is interesting to note how large a portion of the steam entering 
the clearance space is wasted by condensation. 

Fig. 303 shows the relation of condensation as a percentage of 
total steam to speed. There is, in all the curves, an increasing 
rate of decrease, with increase of speed due doubtless to the 
less amount of iron that has time to become active at the higher 
speeds. The curves are all of the same general form, but vary 
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considerably in position and inclination. As will be seen, they 
do not agree in general form with the curves from the other 
tests considered, probably because only the clearance was filled 
with steam and there was no expansion. 

The tests of Professors Denton and Jacobus * were made on a 
17 by 30 engine, with valve of the Meyer cut-off type. The engine 
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Condensation, Per cent 
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Fie. 305. 


was direct connected to an air compressor, could cut-off from 0.04 
to 0.9 stroke, and could be governed at from 9 to 90 revolutions 
per minute. Tests were made at 990, 60, and 30 pounds gauge 
pressure, at 4.4, 6.9, 12.6, 18.2, 31.3, 59.9, and 87.5 per cent. cut- 
offs and at various speeds. The conditions were not kept as con- 
stant nor varied-by as regular a system as is desirable in such 
experimentation, but otherwise the tests were carefully made. 


* Proceedings A. 8, M. E., vol. x., p. 722. 
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Those at 90 pounds are the most regular and numerous, and 
they alone will be considered. Fig. 304 shows the variation of 
condensation with speed for this set of tests. The action of 
expansion and the resulting water film seems to be to make 
the curves concave upwards instead of convex, but the conden- 
sation still decreases with increase of speed, though not by any 
simple proportion. 

The tests of Mr. Willans* were made on a Willans central 
piston-valve engine having cylinders 6, 8.5, and 14 inches in 
diameter by 6 inches stroke. The engine was run with the two 
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\ 
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larger cylinders as a compound engine. The tests were care- 
fully made and fully worked up, but are disappointing for the 

present purpose because of the unsystematic variation of con- 
- ditions. Fig. 305 shows the relation between condensation and 
speed. The curves are separated for the sake of clearness. 
All have the same general form. Fig. 306 shows these curves 
brought together and given the same general trend. The form 
is the same as for the Denton and Jacobus tests. There is n0 
certainty of their correctness; they simply show what may, from 
the other tests considered, be the approximate form and rela- 
tion of such curves for this form of engine. 


* Proceedings Inst. Civil Eng’rs, vol. exiv., No, 2622. 
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The tests of Messrs. Marks and Barraclough * were made on 
the high-pressure cylinder of the Sibley College Allis-Corliss 
experimental engine in the spring of 1894. The engine is 9 by 
36 inches, with jacketed sides and ends; the jackets were not, 
however, used in these tests. The engine was run condensing 
at speeds of 85, 70, 55, 40, and 25 revolutions per minute, pres- 
sures of 120, 100, 80, and 60 pounds absolute, and with a ratio of 
expansion of about 2.7. : 

Fig. 307 shows the relation of condensation to speed for these 
tests. ‘The curves are of the same general form as for the other 
tests and are remarkably regular and well defined. The two 


Tiers 
0 
~ MESsRs. Marks AND BARRACLOUGH 
40 
2 100 {Ibs 
120 lbs. 
0 10 0 30 40 50 60 70 80 90 
“Rice” Speed, Revolutions per Minute 
Fia. 307. 


sets of tests best planned and most reliable of the whole number 
give, for the percentage variation, similar forms of curves, and 
those of Willans may easily be of the same general character. 
The tests of English were not under working conditions, and 
their disagreement with these results would therefore be no 
argument against the correctness of this form of curve. The 
curves are of the form whose equation is ya” = a, or, transform- 
ing, y= where y= condensation and x= speed. The 


constants : 


Ratio of Expansion. a b 
1.60 113.1 0.498 
2.80 97.5 0.321 
4.25 98.9 0.266 


* Proceedings A. 8. M. E., vol. xvi., p. 988. 


curves for the tests of Denton and Jacobus give the following 
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The curves for Fig. 306 for Willans’ tests were sketched roughly, 
the constants found, and the curves then plotted. The constants 
are : 
Pressure. b 
125 pounds. ‘ 0.339 
80 pounds. : 0.541 
60 pounds. a 0.728 
35 pounds. 0.901 


For the tests of Marks and Barraclough the following values were 


found : 
Pressure. - @ b 
120 pounds. 96.3 0.316 
100 pounds. 122.1 0.361 
80 pounds. 158.6 0.402 
60 pounds. 190.8 0.414 


For Denton and Jacobus’ tests the exponent varies from 0.5 at 
1.6 expansions to 0.25 at 4.25 expansions ; that is, with large 
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expansion the variation in speed has less effect than with small. 
For the tests of Marks and Barraclough, the exponent increases 
as pressure falls, showing that speed has more influence om 
condensation at high pressures than at low. Fig. 308 shows the 
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yariation of the exponent with pressure, B being for the tests of 
Marks and Barraclough, and C’ for those of Willans. The 
equation of the line B for the Corliss engine is 

exponent = 0.49 — 0.0013p, 
were p is initial pressure in pounds absolute per square inch. 
Line C for the Willans engine gives the equation 

exponent = 1.134 — 0.0067p. ; 
At 120 pounds both styles of engine have the same value, 0.33, 
or the cube root, as the power of the speed to which the per- 
centage of condensation is related. 

Temperature Range and Pressure.—Since the temperature of 


steam depends upon the pressure, the temperature range be- - 


tween admission and exhaust steam will depend, for a constant 
back pressure, upon the pressure at admission ; hence the effect 
of the two can hardly be separated in experimental work. 
Change in pressure may affect the condensation in three ways: 
by changing temperature range, density, and latent heat. The 
increase in temperature range will give more opportunity for 
the iron to act in giving up and taking in heat ; increase in den- 
sity will bring more particles of wet steam in contact with the 
cylinder walls in a given time, hence may also tend to increase 
‘the heat interchange ; decrease in latent heat will necessitate a 
greater condensation to return to the cylinder and water film 
the heat needed to restore them to admission temperature. 
Whether the temperature range of the steam has any decided 
influence on the amount of condensation is a disputed point ; 
and if it has such influence, whether the range considered 
should be that from admission to exhaust, from admission to 
release, or from compression to admission is unsettled. There 
are logical reasons for the consideration of each. Evidently the 
temperature range of the iron wall and water film is what de- 
termines the heat interchange, hence the amount of. steam con- 
densed at admission. 

If the metal always follows quite closely: the temperature of 
the steam, it must go nearly from admission to exhaust at each 
stroke. During compression the temperature of the walls 
would rise with that of the steam, but in order to give up heat 
enough to the walls to raise their temperature to any consider- 
able degree some steam must be condensed, and the water thus 
formed, as well as the walls, will have to be warmed by the in- 
coming steam from the temperature at the end of compression 
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to its own. Besides this, all work expended in warming the 
clearance steam by compression must be transmitted twice 
through the train of mechanism connecting the piston to the 
_ fly-wheel, so that raising the temperature of the cylinder by this 
method would hardly be considered as likely to prove profit- 
able, and has not proved to be so in experiments carried on at 

Sibley College to determine the most economical degree of com- 
_ pression. It was found that the smallest amount of compression 
consistent with smooth running was the most economical.* 
Nevertheless, the initial condensation may be proportional to 
the temperature range between the end of compression and 
admission. 

Again, if the steam in the clearance at the beginning of com- 
pression is dry, the compression will superheat it. Little heat 
will then pass to the metal, on account of the poor conducting 
quality of the steam, and the entering steam must raise the 
walls from the temperature of exhaust to its own. But, owing 
to this poor conductivity of dry steam, the cylinder walls may 
never become as cool as the exhaust steam. The water collect- 
ing on them during expansion is probably evaporated soon after 
release and, during the rest of the exhaust period, little or no 
heat flows from’the iron to the dry steam then in the cylinder. 
In this case the range of the walls would be from the tempera- 
ture of admission steam to somewhat below that of release, but 
not to exhaust. This temperature range would be dependent 
on the ratio of expansion quite as much as on the admission 
pressure. 

Much experimentation has been performed to endeavor to 
determine what the temperature range of the cylinder wall 
depends upon, and so far it has been determined that this range 
is greater at the ends than in the middle,t that the temperature 
cycle is dependent on the card, and that the variation extends 
to only a slight depth in the iron.t The writer made an attempt 
to determine by plotting condensation with each of the tem- 
perature ranges mentioned above, which of them seemed to 
show any regular curves or method of variation. The work took 
considerable time, but the results varied so much that they are 
not considered worth mentioning here except to state that it 


* Barr, Transactions A. 8. M. E., vol. xvi., p. 480. 
+ Donkiu, Proceedings Inst. Civil Eng’rs, vol. c., p. 347. 
¢ Thesis of W. W. Churchill, Sibley Colleg» Library. 
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appeared that condensation has no definite direct relation to 
either of the temperature ranges considered. The effect of tem- 
perature range would seem to be due to change in pressure or 
ratio of expansion, and therefore to be explained by a considera. 
tion of those quantities. 

Besides changing temperature range, change of pressure will 
alter the density of steam at admission. This will alter the sur- 
face exposed-per pound of steam. Also, the latent heat will 
become less as pressure rises and more pounds of steam must 
be condensed to give up a certain amount of heat per square 
foot. Taking up experimental data, tests will be considered 
where back pressure, rate of expansion, and speed have been 
kept constant and initial pressure varied. Tests which comply 
with these conditions are the series of Messrs. Marks and Bar- 
raclough, and a series made at Sibley College by Messrs. 
Thomas and Ross in 1895.* Fig. 809 shows the values for the 
tests of Marks and Barraclough, and Fig. 310 for those of Thomas 
and Ross. The curves for Fig. 399 are almost certainly straight 
lines, and the variation from straight lines for the tests of Fig. 310 
may easily be due to slight variations in speed and ratio of ex- 
pansion. The slope of the lines shows that the condensation 
decreases as pressure increases, due to the fact that at high 
pressures, with constant ratio of expansion, there will be a much 
greater weight of steam in the cylinder at cut-off, and the num- 
ber of pounds of steam condensed will not be much greater 
because the latent heat decreases only slowly with rise of 
pressure. 

For curves of condensation measured as a percentage of the 
total steam, the form of equation is b = y —awx. The determi- 
nable values a and 6 are: 


Ratio of Exp. R. P. M. a b 
85 0.123 87.3 
70 0.188 41.1 
Marks and Barraclough. 2.65 55 0.192 49.8 
40 0.198 58.3 
25 0.235 62.7 


0.204 65.6 

0.148 55.0 

Thomas and Ross. ! 0.118 47.7 
0.073 31.6 

0.058 26.6 


* Thesis of Thomas and Ross, Sibley College Library. 
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The coefficient and intercept increase with decrease of speed and 
with increase of expansion. From Figs. 309 and 310 it is evi- 
dent that the effect of pressure is but slight, as the angle of the 
lines with the horizontal is small. It does not seem possible to 
assign values to the constants which shall be satisfactory for all 
speeds and ratios of expansion, so as to use a single equation 
for all. A graphical chart could easily be constructed which 
- would answer the purpose of such an equation, and rate Le 
quite as accurate and convenient. 

Ratio of Expansion. —lIf rise and fall in temperature of the 
cylinder walls is considered as the primary cause of initial con- 
densation, there seems no logical reason why the ratio of expan- 
sion should have any influence on the amount of the action. The 
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total temperature range inside the cylinder would be the same 
for constant initial and back pressures whether there be much 
or little expansion. The only way in which any effect could 
result from increase of expansion would be by the allowance of 
longer time for the more gradual cooling of the walls during the 
fall in temperature along the expansion curve. This would per- 
mit the temperature fluctuation to penetrate deeper into the 
metal, hence would increase the amount of heat interchange. 
But when the action of adiabatic condensation is considered, 
and also the poor conductivity of dry steam, other and most 
important effects are introduced. The amount of expansion 
governs the amount of the adiabatic condensation, and this, as 
we have seen, is directly instrumental in producing initial con- 
densation. Also, after the moisture has been evaporated from 
the walls, the action and the fall in temperature of the iron will 
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be but sluggish, and the temperature of the’ iron may not go 
much below that of the steam at release, except for the instan- 
taneous drop of the extreme surface of the metal when the 
exhaust valve opens. As a matter of fact, experimental re- 
sults indicate a very close relation between ratio of expansion 
and the amount of condensation in an engine. It has been sug- 
gested by Dr. R. H. Thurston that the function involved, when 
percentage of condensation is considered, is the square root of 
the ratio of expansion ; and this is generally taken as the value. 
For investigating this factor the tests of Messrs. Thomas and 
Ross, mentioned previously, and a series made by Messrs. Jones 
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and White * on the high and intermediate pressure cylinders of 
the Sibley College experimental engine, run compounded, will 
be considered. Figs. 311, 312, and 313 give the plotted curves, 
showing the relation of condensation to expansion. There is 
the same general form and a fair degree of regularity, except 
for the low-pressure cylinder, in the tests of Jones and White. 
For these, Fig. 313, the condensation decreases as the expansion 
increases, a seeming contradiction of the results in the other 
tests. If the tables be consulted it will be seen that the expan- 
sion increases in the low-pressure cylinder as it decreases in the 
high-pressure. The condensation in the high-pressure cylinder, 


* Thesis of Jones and White, Sibley College Library. 
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due to adiabatic expansion, would be greater as the expansion 
was increased; hence wetter steam would be delivered to the 
low-pressure cylinder. This would show against the low-pressure 
cylinder, on the card, as initial condensation, and it would be 
impossible to divide the water between the two causes. Fur. 
thermore, the pressure at admission in the low-pressure cylinder 
decreased along with the decrease of expansion there; and it 
has been seen in the preceding section that condensation, 
measured as a percentage, increases with fall in initial pressure. 
Either change is much larger than the change in ratio of expan- 
sion, and their combined effect overbalances its action. The 
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equation for the curves is y = a (a —c)*, except for the low- 
pressure cylinder. The constants are given below: 


Pressure. a 
50 21.1 0.597 0.2 
70 19.6 0.637 0.9 
Thomas and Ross. 90 24.7 0.412 1.4 
105 22.2 0.443 iA 
0.475 


0.414 


Jones and White. 70 14.3 0.418 1.6 
High Pressure 90 13 4 0.482 0.1 
Cylinder. 105 9.5 0.386 0.0 

0.381 0.0 


The variation of these constants with pressure is shown in Fig. 
314. The tendency is certainly to straight-line variation for 
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nearly all the constants, but is not surely defined. For the 
tests of Thomas and Ross, the average value of b is about 0.5, 
and for those of Jones and White about 0.4. A fairly good 
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approximate equation would be gotten for variation of condensa- 
tion with ratio of expansion by taking a and c as constant at 
18 and 1 respectively, and getting the value of b from the 
equation b = 0.70 — 0.0035p, where p is the pressure in as 
absolute per square inch. 
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The elements which may affect condensation have all been 
considered, and the action of each determined, as well as may 
be, by varying it while others were kept constant. It remains _ 
to combine the separate actions into a single formula, and to 
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consider how well this formula represents the results of 
experiment. 


A FORMULA FOR ESTIMATING CONDENSATION. 


For this purpose it is not necessary to consider other than 
a cast-iron surface, because the percentage saved by any other 
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surface is known, and, besides, this is the almost universal 
metal for cylinders. 

The writer has already expressed his opinion that the tem- 
perature range of the steam in itself is not a factor. Undoubt- 
edly the temperature range of the metal and water film is pro- 
portional to the condensation, but this range is not yet known, 
and, if it were, is an effect, not a cause, and hence should not 
logically enter into the formula. The temperature range from 
admission to release would seem the one to which the metal is 
most likely to correspond, and the amount of this range is de- — 
termined by the ratio of expansion, the effect of which has been 
considered. 

We have, then, as functions which should appear in the for- 
mula, speed, pressure, and ratio of expansion, the variation with 
each being complex. Since, in designing, the pressure is or. 
dinarily fixed at the start, and since the change with pressure 
is a right-line variation, the constants for the equation may be 
conveniently calculated for different pressures, and this will leave 
speed and ratio of expansion as the two variable quantities. 

In getting a formula for condensation as a percentage of total 
steam the dimensions of the cylinder must be considered, for 
the area per pound of steam at cut-off has an influence on the 
condensation measured in this way. The area per pound of 
steam will be determined by the diameter of the cylinder and 
the length of stroke up to cut-off, this latter depending, in turn, 
upon the ratio of expansion. The effect of the change in area 
by change in ratio of expansion will be included in the varia- 
tion whose equation has already been determined ; the area 
per pound of steam will be inversely as the diameter of the 
cylinder, so that the diameter should enter as a factor into the 
denominator of the expression for condensation. The equa- 
tion would be y= C “Tea The exponents from 
Figs. 308, curve B, and 314, curve b, would be : 


Exponent of 


Pressure 
N (r — 1) 
50 -426 .596 
60 .414 .570 
70 .899 .544 
80 .886 .518 
90 .873 -492 
100 .860 -467 
120 . 834 
130 .820 . 889 
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Solving for the values of Cin the equation gives the following, 
if d is taken in inches, and N in revolutions per minute : 


TrEsTs OF MARKS AND BARRACLOUGH. 


Pressure...... 120 120 120 100 100 100 
Test. .... 3 5 6 8 10 
75.90 70.90 76.67 80.15 82.42 86.71 


74.49 83.09 


besece 80 80 60 60 
Temt.....20005 11 13 15 16 18 20 
105.44 109.42 105.45 130.17 128.48 126.90 

106.77 128.52 


TESTs OF THOMAS AND Ross. 


mks 50 50 70 70 
ee eee 1 4 5 7 9 11 
105.61 165.22 192.77 121.80 116.22 99.18 

154.53 119.01 


110 110 110 130 130 

Test. ...20 14 16 18 20 22 23 24 

91.76 89.95 92.62 68.69 88.98 82.59 70.58 
83.75 80.72 


lo 


ula 


ure. 


N 


100 135 10 1% 
“Rice” Values of “‘C” 


315. 


The agreement is quite good between speeds of 25 and 85 and 
from 1.8 to 8 expansions. 

The variation for the constant with pressure is shown in Fig. 
315. The values fall into a smooth curve from which values can 
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be taken for any pressure. Fig. 316 shows the variation of the 
dN° 
with pressure, and tabular values from these curves are given 
below. 


constant and the two exponents in the equation y = c= 


VALUES OF CONSTANTS FOR EQUATION. 


A comparison will now be madé of the condensation as com- 
puted by this formula with results from tests used in its deriva- 
tion and some others which were available. The pressure varies 
from 40 to 130 pounds, the speed from 10 to 380 revolutions per 
minute, and the ratio of expansion from 1.6 to 15. 
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Pressure Lbs. a b Cc : 
40 0.440 ‘ 168 
50 0.426 150 
60 0.412 188 
70 0.399 118 
7 80 0.384 106 
90 0.373 95 
; 100 0.359 87 
110 0.346 81 
120 0.388 78 
130 0.320 
140 0.306 %5 
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COMPUTED AND ACTUAL INITIAL CONDENSATION. 


TESTS OF MARKS AND BARRACLOUGH. 


Condeneation, Per Cent. 


Tests. Actual. Computed. Error, Per Cent. 
ey 24.5 22.7 —1.8 
3 25.9 ~ 25.3 — 0.6 
5 85.0 82.0 — 3.0 
7 26.5 24.3 — 2.2 
9 $2.1 29.8 — 2.3 

11 27.8 25.1 — 2.7 
13 84.5 80.1 —4.4 
15 43.6 89.2 —4.4. 
17 32.7 80.8 —1.9 
19 41.8 86.2 — 5.6 


TEsts OF THOMAS AND KOSS. 


1 49.2 58.8 + 9.6 
3 46.6 85.8 — 10:8 - 
5 28.2 18.5 — 9.7 
6 87.6 82.6 — 5.0 
8 43.2 87.4 — 5.8 
11 43.4 86.5 — 6.9 
13 18.2 19.3 + 1.1 
15 58.3 47.0 -—- 11.3 
17 48.3 85.4 — 12.9 
20 20.2 17.8 — 2.4 
22 48.3 87.2 —11.1 
: 24 22.7 22.3 — 0.4 


= 


24.5 19.7 — 4.8 
46.4 45.7 — 0.7 
25.6 25.9 + 0.3 
58.1 44.0 — 9.1 
24.1 81.0 + 6.9 
16.4 18.6 + 2.2 
18.3 23.0 + 9.7 
6.2 16.8 + 10.6 


oF BOWEN AND WEBER. 
1 
3 
6 
8 
10 
12 
14 — 
20 
Tests oF H. K. SPenceR. | 

1 25.0 19.6 — §.4 
3 86.5 28.0 — 8.5 
5 56.7 42.8 — 13.9 ‘3 
7 78.4 64.5 — 13.9 a 
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TESTs OF JONES AND WHITE. 
Condensation, Per Cent. 

Actual. Error, Per Cent. 
+ 20.6 
— 22.6 
+ 0.7 
+ 17.0 
— 2.2 
+ 84.0 
+ 8.3 
+ 15.7 
+ 14.6 
+ 25.0 
+ 11.2 


Tests oF P. W. WIL1LANS. 
Simple Condensing. 


16.1 
21.1 
25.2 
27.7 


Average error for all tests 

Minimum error 


It is hardly to be expected that a formula can be made to fit 
all cases and have so few variations as are allowed the one under 
discussion. The error, in some cases, is larger than could be 
wished, but it seems about equally positive and negative. The 
average error for all tests computed is practically 0. 

The derivation of the formula is based on experimental data, 
but the elements taken are the logical ones to use; and the 
comparison with results of tests shows it to be extremely 
accurate in the great number of cases. Indeed, it is remarkable 
that so simple a formula should cover accurately as wide @ 


978 
Tests. 
1 
3 
5 
9 
11 
14 
17 
19 
21 
25 
TESTS OF DENTON AND JACOBUS. 
: 1 15.2 14.6 — 0.6 
ae 22.1 20.9 — 0.2 
6 29.4 28.9 — 0.5 
; 8 22.8 . 22.8 0.0 
li. 33.1 33.4 + 0.3 
13 41.1 43.8 + 2.7 
15 82.4 29.4 — 3.0 
-20 “39.5. 45.2 + 5.7 
27 52.5 63.0 + 10.5 
1 15.1 — 1.0 
8 16.7 — 4.4 
19.6 — 5.6 
‘ 9 22.3 — §.4 
—0.019 
84.00 
22.60 
0.00 
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range of variation as that in the tests considered. From a 
consideration of the terms it appears that the diameter of the 
cylinder—which controls the area per pound of steam—is the 
most important factor, ratio of expansion next, and speed last ; 
so that to reduce the loss, use a large diameter,* a small ratio 
of expansion and high speed. This agrees with the methods in 
actual use for reducing condensation waste. 


TABLE OF DATA. 
TEsTs oF Mason ENGLISH. 


Per Cent. 
Tests. Initial Pressure. Speed R. P. M. Condensation. 
1 58 130.2 68.2 
2 61 117.0 78.7 
3 61 108.0 74.3 
4 62 101.4 74.6 
5 59 96.0 71.5 
6 59 . 935.4 72.9 
7 62 72.6 80.4 
8 60 65.4 81.6 
9 61 52.2 74.8 
10 61 49.8 82.6 
11 46 127.8 60.8 
12 47 114.0 69.1 
13 49 99.0 79.6 
14 46 99.0 68.9 
15 47 96.6 69.9 
16 46 69.0 76.1 
17 49 67.8 
18 ‘ 49 53.4 
19 48 51.0 
20 36 130.2 
21 - $7 125.4 


* This is not likely to hold, except within the limits of ordinary practice. 


| 
22 87 102.0. . 
23 84 99.0 = 
24 37 69.0 
25 87 67.8 — 
26 37 51.6 
27 36 48.6 
28 29 181.4 = 
29 26 127.8 67.2 | 
30 28 108.2 79.2 
31 25 102.0 81.1 a 
32 28 69.6 82.0 = 
33 26 67.8 81.2 - 
34 26 52.8 85.7 . 
35 28 49.8 814.2 
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TEstTs OF PROFESSOR3 DENTON AND JACOBUS. 


Ratio of Per Cent. 
Expansion. Condensation. 


co 
© 
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10 
87 
61. 
58. 
28. 
16. 
18. 
8. 
86. 
64. 
60. 
59. 
59. 
25 
28. 
17. 
13 
18 
13 
10. 
10 
8 


Tests oF Messrs. MARKS AND BARRACLOUGH. 
Per Cent. 
Initial Pressure. Speed R. P. M. Condensation. 


117.0 . 24.5 
718.1 25.7 
119.4 25.9 
120.7 30.1 
120.0 ‘ 35.0 
100.4 ‘ 24 5 
100.7 . 26.5 
102.5 27.8 
102.8 ‘ 82.1 
102.7 d 87.5 
77.8 27.8 
78.6 80.1 
83.5 : 84.5 
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tess 
70.4 
61.6 
25 
17, 
12 

10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 


14 
15 
16 
17 
18 
19 
20 


oo > 


Tests. 


Initia! Pressure. 


High-Pressure Cylinder. 
Initial Pressure. Speed R. P. M. 

125.91 402.2 
81.24 401.2 
60.50 404.4 
37.16 398.9 
127.81 311.1 
301.5 
59.46 302.0 
35.07 300.1 
126.14 203.2 
84.32 198.0 
60.57 203.0 
35.25 196.5 
114.91 114.6 
83.44 116.1 


Initial Pressure. 


TESTs OF Mr. P. W. WILLAns. 
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TrEsts OF Messrs. MARKS AND BARRACLOUGH.—Continued. 


Speed R. P. M. 


39.72 
25.70 
85.27 
69.63 
55.62 
41.93 
26.64 


Tests oF Messrs. THOMAS AND Ross. 


Ratio of Expansion. 


Per Cent. 


Condensation. 


Per Cent. 
Condensation. 


10.59 

8.90 
11.69 
11.49 
10.50 
12.18 
13.03 
16.56 
11.95 
17.87 
17.94 
25.52 
18.69 
20.88 
82.15 


Per Cent. 
Condensation. 


| 
981 | 
81.8 85.7 _ 
82.2 43.6 
59.8 30.6 
60. 32.7 
61.6 37.6 a 
62.9 41.8 
62.4 48.1 
Tests. — 
1 
3 
4 
5 “= 
6 
9 
10 
11 
12 — 
13 
14 — 
15 — 
16 
17 39.49 112.5 — 
48.2 6.54 49.2 a 
48.5 4.24 48.1 
52.3 3.36 46.6 | 
52.3 2.35 33.8 
52.7 1.76 28.2 . 
70.5 15.50 87.6 
4.57 45.8 
71.5 4.36 43.2 
71.2 2.42 26.4 a 
85.8 9.82 57.6 
89.0 - 5.82 43.4 
68 


THE LAWS OF CYLINDER CONDENSATION. 


TEsTs Or Messrs. THOMAS AND Ross. —Continued. 


Per Cent. 
Initial Pressure. Ratio of Expansion. Condensation. 


eo 


Tests or Messrs. JONES AND WHITE. 


High-Pressure Cylinder. 
Per Cent. 
Initial Pressure. Ratio of Expansion. Condensation. 
124.6 9.82 22.6 
126.4 4.62 
126.7 
128.4 
130.9 
101.3 
106.9 
107.5 
109.5 
109.4 


| 


1 
2 
3 
4 
5 
6 
7 
8 
9 


or 
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Tess 
12 90.6 3.36 82.6 
18 99.6 2.15 18.2 
14 90.6 1.84 17.0 
15 105.0 10.90 
; 16 106.5 8.16 
17 108.4 6.18 
18 107.2 3.92 
19 108.2 3.90 
20 112.38 2.05 
21 121.2 10.70 
22 124.2 7.15 
23 126.2 4.65 
25 126.4 2.07 
10 
11 21.2 
12 19.7 
3 26.5 
14 11.9 
15 24.0 
16 25.8 
17 19.5 
18 17.8 
19 6.2 
20 : 6.7 
21 81.5 
22 22.7 
23 49.61 28.1 
24 50.5 20.9 
25 51.1 5.3 
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Trsts OF MEssks. JONES AND WHITE, 


Low-Pressure Cylinder. 


Ratio of 
Tests. Initial Pressure. Expansion. Condeneation. 
11.9 2.70 $2.0 
16.8 3.98 36.2 
25.5 3.52 52.4 
24.9 5.31 §2.7 


or 


3.01 50.6 
19 20.0 3.38 60.0 
20 24.0 3.89 35.8 
21 8.8 2.382 69.9 
22 9.8 3.02 52.5 
23 12.3 3.48 43.8 
24 15.7 8.84 42.8 
25 19.6 8.50 37.5 


DISCUSSION. 


Mr. Geo. I. Rockwood.—On page 979 the author states that his 


formula y=C aot reveals the relative importance of the va- 


rious factors which together produce initial cylinder conden- 
sation. I think the formula can apply only to engines of the 
single-cylinder unjacketed type, because it is this type only of 
which it may be said, “to reduce the loss, use a large diameter, 
a small ratio of expansion, and high speed”; and this saying 
applies only to certain kinds of small automatic engines having 
large clearance and a single positively moved valve. Pumping 
engines and slow-speed mill engines suffer less from initial cylin- 
der condensation than those which have short strokes, high 
speed, etc. 


| 
983 | 
| y 
29.7 6 28 45.3 
10.4 2.58 52.2 
16.4 3.59 38.9 
22.6 3.06 49.0 
27.3 3.84 40.6 
10 26.5 5.27 34.4 — 
11 111 3.80 22.8 
12 15.5 2.88 61.5 a2 
18 17.5 2.52 
14 19.8 3.04 46.8 - 
15 26.1 2.85 41.0 — 
16 11.5 2.61 53.0  —- 
17 16.2 3.18 38.7 
— 
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I doubt whether the formula—without having had time to 
examine it carefully—takes into account the effect of the clear- 
ance area exposed to the incoming steam every stroke. This 
area is very different in different types of engines. 

It appears to me that the paragraph as it stands now is 
intended to apply to all sorts of steam engines, and should, there- 
fore, be modified as suggested. I think that a formula which 
would apply correctly to all types of engine is impossible of reali- 
_ gation, and that it would be of little use if found. 

Mr. William Kent.—I hope that when Mr. Rice revises this 
paper for final publication in the Transactions, he will add a few 
paragraphs, condensing his conclusions into, say, one page, so 
that we can find them without having to read the whole paper. 


Referring to the formula on page 975: y = y= Ty aa I had to 
look all through the paper to find what these symbols meant. 
The letter f in the formula, I believe, is used to mean “ function,” 
but the ordinary engineer does not understand that f means func- 
tion unless it is so explained. I hope that he will put the whole 
subject in such a shape that we can find an answer to a question 
like this : Given a Corliss engine of such a size and such a speed, 
cutting off at one-sixth of the stroke, what is the cylinder con- 
densation? Ifa man wanted to get that information from this 
paper, it would be a labor of hours to find it. 

Mr. J. B. Stanwood.—I notice that the author ignores the area 
of internal surfaces of clearance spaces and walls of cylinders, up 
to point of cut-off, as having any effect upon the percentage of 
cylinder condensation. I have always been under the impression 
that the amount of these surfaces is an important factor of this 
problem. Why does not Mr. Rice take this factor into consider- 
ation in his efforts to form a general aes) for cylinder con. 
densation ? 

Prof. Rk. H. Thurston.—This paper probably the 
most complete study and discussion of this subject which has _ 
appeared to date. The facts were revealed by a succession of 
investigators, beginning with Smeaton’s experiments with the old 
Newcomen engine as given form by Desaguliers, continuing with 
those of Watt upon the famous Newcomen model, and on his own 
later constructions, and, in later times, the work of Clark on the 
British locomotives of 1850, and Hirn on the Alsatian engines, 
and Isherwood on marine engines, and the still later work of ou: 
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contemporaries and colleagues with which all engaged in this 
department of engineering are familiar. 

Rankine was perhaps the first to attempt to formularize the laws 
of the internal wastes of the engine, basing his algebraic expres- 
sions upon the experiments of Isherwood on the U. 8. 8. Michi- 
yan. He took the condensation to be proportional to the time of 
exposure of the steam to the condensing action of the cylinder 
wall up to the point of cut-off, to the range of temperature worked 
through, and to the area exposed by the retreat of the piston per 
unit weight or volume of the working fluid. Later investigation 
soon showed that the first of these factors was not the controlling 
condition ; but that the period of exposure to the cooling action on 
the exhaust side, preceding admission, was more influential, and 
that whatever heat drained out during this period is inevitably 
restored during admission by the entering steam coming in con- 
tact with the chilled cylinder wall. Cotterill made a very beau- 
tiful investigation, availing himself of the classical work of 
Kirsch, in turn based upon Fourier, and deduced a logarithmic 
expression which is probably more accurate from the standpoint 
of the pure physicist than any other yet proposed. 

Empirical expressions, of which that of Rankine, that of the 
writer, and that here proposed are representative, are simpler, 
easier of application, and practically no less valuable. These 
latter forms of expression have been slowly coming into more and 
more accurate shape, and their constants are continually being 
more and more completely established until, in the paper now 
brought to our attention, an expression is deduced for this waste, 
the waste which controls the design and construction and the 
apportionment to its work of the modern steam-engine more than 
does, perhaps, any other physical condition under the eye and 
hand of the engineer. It is this waste which principally dictates 
the adoption of the multiple-cylinder engine, of the steam jacket, 
and of superheated steam, and all their accessories. 

Researches, experimental, like those of Marks and Barraclough 
and their kind, and those of collaboration, like that of the author 
of this paper, have been in progress at Sibley College for years 
past, and, as here in part shown, the result has been the collection 
of a large quantity of material upon which to base such a study 
of the subject. The work of Professor Rice is the last and per- 
haps the most fruitful of the series. He certainly has obtained a 
more accurate measure of the internal wastes due to this method 
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of loss of heat in available form than any one of his predecessors, : 


and the fact is likely to prove one of practical importance. The 
extensive work, representing no inconsiderable proportion of a 
year’s labor as a candidate for a Master’s degree in engineering, 
will probably be long preserved in the collections of Sibley Col- 
lege as a noteworthy example of prolonged, patient, and produc- 
tive research. 

As its author has taken occasion to remark, it must not be 
expected, however, that any such expression as is here derived, 
or any other formulation of the law of cylinder condensation, 
whether rational or empirical in origin, will apply with accuracy 
to all cases. The algebraic expression of observations of many 
engines of representative classes and of good average construction 
and proportions will apply only to similarly good average repre- 
sentative cases, later selected for their application. The laws 
will remain unchanged ; but every variation in the proportions of 


engines, in the condition of their internal surfaces, and in the. 


quality of the steam exchanging heat with the cylinder walls, will 
modify the constants of the absolutely correct equation, should it 
finally be derived by a later investigator. Lubrication, oxidation, 
special treatment of the interior of the engine, and peculiar pro- 
portions of the cylinder, will all affect the results of application 
of any formula derived from common practice. Notwithstanding 
these variations, it will probably remain the fact that a well-con- 
structed expression for cylinder condensation will find real use in 
general practice, and will afford much and valuable aid to the 
designer and constructor. It will assist in the construction of 
the balance sheet of heat supply and heat expenditure, and in the 
estimation of efficiencies in all cases of usual practice. 

The statement of the practical method of reducing wastes 
may, I think, be put into a more acceptable form. I would not 
say “use a large diameter, a small ratio of expansion, and high 
speed,” but would rather say : 

(1) Adopt such a proportion of engine cylinder as will give 
lowest ratio of area of cylinder wall, producing condensation,— 
4.¢., measured up to point of cut-off—to the volume enclosed by it. 

(2) Adopt as large a ratio of expansion as the existing condi- 
tions may be found to make most profitable. 

(8) Employ as high a speed of rotation and of piston as prac- 
tice shows to be safe and not too costly on the maintenance 
account. 


i 
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Under the first head it will be found that a low ratio of expan- 
sion dictates, from this point of view, a comparatively large pro- 
portion of diameter to stroke of piston, while a high ratio of 
expansion increases the proportion of stroke to diameter. One 
secret of the success of the multiple-expansion engine will some- 
times be found in the fact that the proportions adopted are, in 
this respect, satisfactory. This is especially likely to be true of 
the compound engine with large expansion ratios, as adopted with 
comparatively high steam pressures for that type. 

Under the second head it will be found that the multiple-cylin- 
der machine, suitably proportioned, gives a high yet economical 
total ratio of expansion through the expedient of holding down 
the ratio, in each of the several cylinders of the series, to that 
‘known to be, at least approximately, the ratio of maximum effi- 
ciency for the single cylinder. 

As to the third point, experience fixes the practicable maxi- 
mum piston speed. This is seen, as shown especially by Pro- 
fessor Barr’s papers, to be about 600 feet per minute for the 
practice of our day. 

The real principle which controls, properly, in this matter, is 
this: Seek, by every practicable and economical expedient, to 
make cylinder condensation a minimum, and proportion the cn- 
gine, and arrange for its operation, in such manner as will enable 
it to pay highest dividends upon the capital absorbed in the estab- 
lishment and permanent operation of the machine. The object 
sought by every good engineer in designing and in constructing, 
and operating the steam engine is to effect as high economies as 
he can afford to pay for, anticipating satisfactory profit on the 
investment made in effecting such economies. 

The paper before us will undoubtedly repay much more ex- 
tended and minute study than can be given it in a single read- 
ing; its data alone present a most valuable work of compilation, 
and the deductions seem likely to find very useful application in 
every-day practice. 

Mr. Arthur L. Rice.*—In regard to the criticism of Messrs. 
Rockwood and Stanwood that the formula here proposed takes 
no account of the area of condensing surface, it is plainly stated 
on page 974 that the “area per ponnd of steam at cut-off has an 
influence on the condensation ” measured as a percentage of total 


* Author’s closure, under the Rules, 


| 
] - 
1 
i 


988 THE LAWS OF CYLINDER CONDENSATION, 


steam. The area up to cut-off varies as d? + = where 7 is 
length of stroke, and d and r as heretofore; the volume up to 


cut-off, or, for constant pressure, the weight varies, as =; hence ~ 


the area per pound varies as 5 + - As stated on page 974, it 


was considered that the term involving ratio of expansion would 
be sufficiently taken care of by the variation of condensation with 
expansion previously considered, and the term involving diameter 
was introduced into the formula. The author is now at work on 
an investigation, which he hopes to have ready in the fall, of the 
effect of taking into account the neglected term . 

In regard to Mr. Kent’s desire for a réswmé of the paper, the 
writer would say that he is not yet done with the subject and is 
not ready to give a résumé. The paper, as it stands, shows the 
work so far done, and the results are that condensation seems to 
vary regularly with change of speed, ratio of expansion, and area 
per pound of steam at cut-off ; the rate of variation with each of 
these factors depends on the initial pressure of the steam ; tem- 
perature range, except as controlled by expansion, has no regular 
and well-defined effect. It is not certain that the formula is in 
its best form, but the writer is working on it, and when sure that 
it is in the best possible shape, will reduce it to tabular or graph- 
ical form for convenient use. 
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DCCXLIIL.* 
EXPERIMENTS IN BOILER BRACING. 


BY FRANCIS J. COLE, PATERSON, N. J. 
(Member of the Society.) 


Tue following investigation into the holding power, at different 


temperatures, of various styles of locomotive firebox crown stays, 
was made by the writer for a prominent railroad company. The 
results are thought to be of sufficient interest to present to this 
Society. 
_ The object in view was to test them as nearly as possible 
. under the same conditions as in actual service, when used in 
staying the firebox of a locomotive, and particularly to note the 
relative decrease of the holding power at high temperatures. 

In all these tests, it is assumed that the bolts are spaced 4 by 
4 inches, centre to centre, supporting an area of 16 square inches. 

The total stress which each one would be required to sustain, 
due to the pressure of the steam, would be this area multiplied 
by the maximum boiler pressure. 


At 150 pounds steam pressure = 2,400 pounds. 


160 = 2,560 “ 
900 “e = 8,200 


The pocketing, or bagging down, which is characteristic of an 
overheated crown sheet caused by low water, was imitated by 
using a bearing plate of 4-inch steel, 8 by 8 inches square, with 
a hole 44} inches in diameter bored through its centre. The 
area of this hole is 15.9 square inches. The specimens were 
screwed or driven into pieces of g-inch steel plate, 12 by 12 
inches square. 


A 100,000-pounds Riehle screw testing machine was used, 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the 7'ransactions. 
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Head not to exceed 1%"in diameter. 


to make steam tight. 


il 


No. 1. — Head 4" above sheet, riveted just enough 


12 Threads 


2 


= 
> 


| 


| 


No. 2. — Head "above sheet and riveted over, 


Fie. 318. 
1" 


No 
| | 
| = 
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the specimen plate and bolt being inverted, with the bearing 
plate between it and the head of the machine, the stay bolt 
hanging down through the middle. Sixteen different styles of 
crown stays were made, specimens numbered 1 to 16; 6 test 
pieces, each of 1 to 4; and 4 pieces, each 5 to 16, numbered 1 to 76. 

These specimens represent the ordinary forms most com- 
monly in use, and other styles which suggested themselves. 
The material used was 1-inch round mild steel of 58,390 pounds 
ultimate tensile strength, with an elastic limit of 38,900 pounds, 
and an elongation of 30.25 per cent. in 8 inches. The only 
exceptions to this were tests No. 2, specimen 6; and No. 70, 
specimen 16, which after fracture showed unmistakably to have 
been made of iron. 

The #-inch steel sheets, 12 by 12 inches (a few of the first were 
6 by 6 inches) square, into which the bolts were screwed, were 
mostly cut from one large sheet, having lengthwise an ultimate 
tensile strength of 59,150 pounds, elastic limit of 28,800 pounds, 
- with an elongation of 31.75 per cent. in 4 inches ; and crosswise 
an ultimate tensile strength of 58,400 pounds, elastic limit of 
28,040 pounds, with an elongation of 28 per cent. in 4 inches, 
both ways showing a silky fracture. 

The specimens were heated in a small portable forge, along- 
side the testing machine. The plates, with the bolts projecting 
upward, were placed on the fire, and the heat localized in the 
centre over a diameter of about 6 inches, by keeping a small, 
bright fire, and dampening the outside with fine wet coal, to 
keep it from spreading. 

In this method of heating, the head, or nut, — be hotter 
than the rest of the sheet, imitating in a measure the conditions 
which are present in a locomotive firebox. In all the hot tests 
the sheets were heated to a bright red, but in the first tests, 
Nos. 1-22, owing to the slow speed of the machine, and the 
time consumed in centring the specimen, the fracture did not 
take place until some of them were almost black; in the tests 
after No. 22, the speed was very much quicker, and arrange- 
menis were made for centring the specimens very rapidly. 
Evidently the temperature at parting is the correct one upon 
which to base the holding power of the bolts. 
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No, 8.—%'Standard nut tapped out to 1” 12 threads 
and riveted over. Project about to 


No. 6,— 1"Standard nut, 12 threads, rivet over. i. 
x 


Nos. 5 a6. 
Fras. 321 anp $22. 
No. 7. Button head M'greove under heaa. 
No. 8. 


No. 9. = 
No. 10. 


Fies. 828, '824, 825, anD 826. 
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NO. 11. Button head no groove, countersunk. 


Stee! Plate 


12 


No. 12. Button hea 


| 


| 


| 


Stee! Plate 
12"x 12" 


“Cole” 


993 | 4 

= = : 

[12 Threads 4 
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The average of the tests,in which those of lower temperature 
and doubtful results are not considered, is as follows : 


Spec. | Tensile, | Strength, 
Ro. Cold. Hot. 


REMARES. 


lbs. lbs. 
16,350 8,470 |Head 4” above sheet, riveted just enough to make steam- 
tight; head not to exceed 14" diameter. 
16,700 | 3,473 |Head 4" above sheet, riveted over. 
17,600 | 4,040 |Head ,8;'' above sheet, riveted over. 
20,783 4,000 |Head }"’ above sheet, riveted over. 
41,950 4" std. nut tapped out to 1’, 12 threads, and riveted 
over; project about 7," to 4”. 
42,000 6,000 |1’ std. cai 12 threads, riveted over ; projects about 7" 
to 4”. 
88,120 7,095 |Button head, }” groove. 
39,800 6,933 |Button head, +2” groove. 
7,500 |Button head, groove. 
39,800 | 7,483 |Button head, }8" groove. 
89,800 8,766 |Button head, no groove, countersunk. 
42,580 | 9,333 |Button head, no groove, ;3;'' copper washer. 
48,100 | 10,150 |Button head, with 1;;"’ reamed hole. 

39,720 7,816 |1” std. nut, 12 threads, nut countersunk 4” and well 
riveted over. 
24,000 | 4,613 |Screwed in sheet, 12 threads, rivet head ?” high and}’ 
diameter ; largest head which can be formed. 
40,300 9,730 |Button head, with 1}” tapered reamed hole, 3’’ thimble 

and nut. 


COP 


Regarding the holding power of stay bolts screwed through 
2” plate and riveted over, as shown in specimens 1 to 4 and 15, it 
will be observed that the average holding power when cold is 
16,350 pounds for the worst, and 24,000 pounds for the best; 
and when hot, 3,470 pounds for the worst, and 4,613 pounds for 
- the best. This would indicate that the best riveted head which 
can be formed cold, made in the usual conical shape, has 4 
holding power, hot and cold, very much less than the. worst 
form of bolt with solid head, even when nicked or grooved 
deeply under the head, or bolt screwed through with a nut on 
under side of sheet. 

It does not appear that the solid button head bolts are defi- 
cient in holding power when tested in this manner, but the 
principal objection to their use is the liability of injury when 
screwed into a firebox where the holes are not tapped at right 
angles to the sheet, and where the surface of the sheet is curved. 
This objection can easily be removed by properly seating the 
head. It is the regular practice of the locomotive company 
with which the writer is connected, to use a seating tool, which 
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faces off the underside of the sheet exactly at right angles to 
the longitudinal axis of the bolt. This not only insures a much 
tighter fit, but guarantees absolutely against any bending of 
the head, when screwing it close up to the crown sheet. 

The holding power of the stay bolt when provided with a nut 
is considerably increased, when red hot, by countersinking the 
nut and well riveting the bolt into the same, as shown in speci- 
men No. 14. 

The characteristic failure of the bolts when screwed through 
and riveted over, was bv the sheet bagging down, stretching 
out the threads to a bell-mouth shape, and shearing off a small 
annular ring representing the thickness of the riveting. It will 
be observed, when referring to specimens 1 to 4 and 15, that the 
edges of the head are very shallow where they are sheared off 
in line with the edge of hole, and that the holes are stretched 
to such an extent that the threads lost their holding power. 
Generally speaking, the use of a nut increases the holding power 
of the stay bolt over the plain riveting, when tested cold, about 
100 per cent., and 50 per cent. when heated to a bright red. 

One of the most noticeable features shown in these tests is 
the comparatively slight decrease in holding power of any of 
the forms of crown stays until a temperature exceeding a black 
or dull red has been reached. This is especially so in the case 
of test No. 14, specimen No. 1, which, at a dull red, showed a 
strength of 14,800 pounds, and the average strength of the same, 
cold, was 16,350 pounds. The results of the tests would seem 
to support the statement that the average holding power of the 
usual form of stay bolt at a dull red or almost black heat would 
be decreased from its strength cold about 50 per cent., and at a 
bright red, decreased to about one-fifth of its original strength, 
except in specimens 11, 12, 13, and 16, which are decreased to 
about one-fourth of their original strength. In the case of 
specimens 13 and 16, their holding power would be very much 
increased by the use of a thicker crown sheet, as they mostly 
failed, both hot and cold, by the head pulling through the 
sheet. 

The conclusions of the writer are : 

(a) That the centre rows (5 to 10, according to the size of 
boiler) of the crown stays should be provided with solid but- 
ton heads like No. 11, or with nuts like No. 14, to prevent pull- 
ing through im case the crown sheet is overheated. 
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No. 13. 


Stee! Plate 
12"% 12” 


“Cole” 


Stee! Plate 
12"% 12" 


“Cole” 


1" Standard nut 


Button 4 with reamed hole. 


Fig. 329. 
No.|14. 


hreads 


No. 14. 1"Standard nut, 12 threads, nut countersunk \" 
and well riveted over. 


Fre. 330. 
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(6) Grooving or cutting out the first thread under the head 
should be avoided. It not only weakens the bolt in its most 
vital point, but the possibility exists that some bolts are liable 
to be cut deeper than necessary by careless workmen. More- 
over, it is unnecessary, as tighter work can be done by slightly 
countersinking the sheet. 

(c) Itis good practice to enlarge the end screwed in the crown 
sheet for 1 inch or 1} inches directly under the button head, 
making it slightly taper. For 1-inch round crown stays a good 
proportion is to upset the lower end for 1,4-inch or 1,',-inch 
thread, leaving the upper end for l-inch thread. For 14-inch 
round stays, lower end 1,4 inches, or 1,5; inches upper end for 
1}-inch thread. 

(d) The argument often advanced, that it is safer in radial 
stay boilers to omit all heads or nuts on firebox ends of crown 
stays and allow a few to pull through easily in case of low 
water so as to put out the fire and relieve the pressure, does 
not seem to hold good in practice, as the sudden letting go of 
a few bolts throws such an additional load on the adjacent ones, 
that they are frequently unable to stand the strain and tear 
out row by row until the whole crown is blown down. 

(e) As crown sheets are usually higher in front than behind 
and arched in the centre in radial stay boilers, good practice 
indicates that a few crown stays (say 10 or 12) in the front and 
in the centre—the highest point—should be left without heads or 
nuts, and simply riveted over. In case of low water these would 
pull out and relieve the pressure, before the rest gave way. A 
prominent railroad having this in view, leaves every other crown 
stay riveted over without solid button head or nut. 

(f) It is better to face the sheet with a cutter, allowing the 
solid finished metal surfaces to come together without twisting 
or bending the crown stay, than to use a copper washer or to 
bend the bolt under the head in attempting to tighten it up 
against a rough uneven surface. 
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TESTS OF CROWN STAYS. 


Strength. 


\Tensile 


1 
2 
2 
2 
2 
2 
2 
3 
8 
3 
3 
3 
3 
4 
4 
4 
4 
4 


crore 


Cold 6" plate ; pulled through sheet. 


Cold. 

Dull red; scarcely perceptible ; al- 
most black after parting. 

Cherry red; not quite as hot as No.56; 
pulled through sheet. 

Bright red after parting; pulled 
through sheet. 

6" plate; cold; pulled through sheet. 

Cold 6" plate, 

Red. 

Red. 

Bright red ; 6" plate. 

Bright red ; pulled through sheet. 

Bright red after parting; pulled 
through sheet. 

Cold 6" plate. 

Dull red after parting. 

Cherry red. 

6" plate ; very bright red. 

Bright red; _ pulled through sheet. 

Bright red after parting; pulled 
through sheet, 

Cold 6" plate. 

Almost black after parting. 


6" plate; cold. 
Cherry red, not quite as hot as No. 58; 
pulled through sheet. 


— red after parting; pulled 
through sheet. 


Cold 6" plate. 
Dull red ; almost black after parting. 
Dull red; almost black after parting. 
Cold 6" plate. 


Cold 6" plate. 

Cold 6" plate, iron. 

Dull red after pariing. 

Plate red ; nut bright red. 

Cold, broke in nick. 

Bright red ; parted while bright red, 
same as No. 28. 

Bright red ; broke in nick. 

Cold ; parted in nick. 

Bright red ; broke in nick. 

Bright red ; broke in nick. 

Bright red ; parted in nick. 

Cold j parted midway, 6” from lower 
end. 


Head 4” above 
sheet, riveted 
just enough 
to make steam 
tight ; head 
not to exceed 
14" diameter. 


Head }" above 
| sheet, riveted 
over. 


Head 3," above 
> sheet, riveted 
over, 


Head 4" above 
| sheet, riveted 
over. 


4" std. nut tap- 
ped out tol’, 
12 threads and 
riveted over; 


project about 
” to 


nut, 12 
threads riveted 
over; project 
about ts’ tot", 


Button head, 3" 


groove. 


Button head,}?’ 
groove. 


1000 
3 BS REMARKS. 
4 | 11,600| 16,500 
10 | 18,000] 19,400 
14 | 11,000] 14,800 | 
57 8,500 \ 
58 3,440) 11 | | 
66 | 10,500] 16,200 J 
| 6| 12,400) 16,700 
6,300 
: 19 6,200 
41 8,450) 13 | 
55 8,409) 10 | 
56 3,570) 10 | 
| 3 | 12,000] 17,600 
117 9,300 | 
20 5,700 
40 3,850} 13 | 
53 4,300) 12 
54 3,970) 13 | 
5 | 12,300] 19,100 
8 | 16,000} 22,300 
12| 6,800) 8,900 
| 22 | 14,000] 20,800 
59 4,200! 16 
| 
7 | 28,000] 48,100 
11 | 14,500! 21,500 
15 | 12,900| 23,300 
21 40,800 
1 | 26,500} 42,000 ) 
2 | 24,000 32,200 
13 | 12,000} 17,400 
16 6,000 
25 | 22,000) 39,240 
29 7,850) 15 
38 6,340) 16 
47 | 22,000! 37,000 
82 7,700! 10 
33 6,400) 12 
6.70016 
52 | 26,000 39,800 | 
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TESTS OF CROWN STAYS.—(Continued). 


Specimen 
| 


od] 
| 
Lbs. | Lbs. | 
6,630} 23 
7,500) 23 
7,770) 20 
8,100) 24 
7,700) 25 
7,500) 18 
26,800) 89,800 
7,250) 22 
27,000); 39,800 
8,000) 20 
9,400) 18 
8,900) 21 
10,009) 18 
9,200) 19 
8,800) 19 
28,300) 42,580 
32,500) 48,100 
7,000} 26,000 
bright black 
red. 
9,700) 20 
10,600) 24 
19,000} 39,720 
7,560) 18 
7,890) 98 
8,000) 23 
17,000; 24,000 
4,450) 25 
4,900) 23 
4,500! 13 |B 
22 300} 40,300 
9,660) 17 
9,800! 29 
6,630) 14 


REMARKS. 


Bright red ; parted in nick. } 

Bright red ; parted at first thread. 

Bright red ; parted in nick. 

Bright red ; parted in nick. 

Bright red ; parted in first thread. 

Bright red ; parted in first thread. 

Cold ; parted in centre 73" down. 

Bright red ; parted in first thread. 

Cold ; broke in bolt mid way. 

Bright red; parted while bright red; if 
anything a little hotter than No. 27. | 

Bright red ; broke in first thread be- f 
low nick. 

Bright red. 

Bright red; parted while bright red. 

Bright red ; parted while bright red 

Bright red ; broke in first thread be- 
low nick. 

Cold ; parted 3" from lower end. 

Cold ; pulled head through sheet. 1 

Slow speed ; red, head bright red. | 


Bright red; faster speed than No. 26; 
parted while bright red. 
Bright red ; pulled through sheet. 


Pulied cold ; bolt broke. 

Bright red after parting. 

Bright red ; red after parting ; strip- 
ped in nut. 


Bright red after parting ; bolt broke 
between nut and sheet; nut split 
slightly on one side, and riveting 
pulled in flush with top of nut. 


Pulled cold ; polled through sheet, } 
head sheare 

Bright red after parting; pulled 
through sheet. 

Bright red; red after parting ; pulled 
through sheet. 
— red after parting ; pulled 
through sheet. 

Pulled cold; bolt broke, 7" from plate. 

Bright red after parting; pulled 
through sheet. 

Bright red after parting; pulled } 
through sheet. 

Bright red after parting ; bolt broke; 


found to be iron. 


Button head, 7’ 
groove. 


| Button _ head, 
groove. 


Button head, 
no groov e, 
countersunk, 


Button head, 
no groove, 
copper washer. 


Button head 
with 1,;,"ream- 
ed hole. 


1” std. nut, 12 


threads, nut , 


countersunk 
4” and well 
riveted over. 


Screwed in 
sheet, 12 
threads, rivet 
head 3" high 
and 13" diam., 
largest head 
which can be 
formed. 


Button head 
with 11” ta- 
pered reamed 
hole, 3" thim- 
ble and nut. 


1001 
| 
9 
9| 43 | 
9 | 44 | 
9 | 45 | 
10| 46 | 
10 | 49 | 
10| 50 
10) 51 | q 
11 | 24) q 
11 | 36 
11| 39 | 
12 | 30| 
12| 31 | 
12 | 37 | 
12 | 48 
13 | 23 
18 | 27 | 
13| 35 | 
14| 67 | 
ti 
| 
14 | 
; 
15 | 63] 
15 | 64 4 
15165 | 
16 | 62 
16 | 68 g 
4 
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Fie, 336. 
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No. Sa. 
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1005 
| 
SPEc. 1, | : 
a 
| 
a 
Fig. 341. 3 
~ 
16 
| 
| 
Fra. 342, 
Spec, 2, No. 6, 
~| 
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Spec. 3. 


Z 


- 


| 
1006 
Spec. 2. 
| 
| H 
| | 
| 
“Cole” | 
| Fie. 344. 
| 
Sptc. 3. No. 3. 
1 
“Cole” 
Fie. 345. 
| No. 83. 
| 
“Cole” 
Fie. 346. 
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Spec. 4. 


1007 
1%%. 
Fie. 347. 
No. 89, 
q 
: — 
1} 
Fie, 348, 
PEC. 8. No. 7, 
” 
= x : 
“Cole” +156" 4 
Fia, 349. | 
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Fie. 350. 
. No. 1. 
Spec. 6. 
" | 
Ke = 
| 
134" 
Fie. 351. 
| No. 16. 
| 
| 1K¢ 
| ‘| 
| “Cole” 
| Fie. 352. 
| 
| 
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7. No. 38, 
q 
ef. 
—dha-” 
1" 4 
Spec. 7. No. 2 
| 

SPec. 8. No. 82. 
| = 

= 
4 
= 
“Cole” j 
Fia. 855. 
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10. 


1010 
PEC. 8. No. 33 
| 
| 
“Cale” | 
Fra. 856. 
Spec. 9. No. 44. 
414" 
= 
Fie. 357. 
No. 50, 
| 
Fie. 358. 
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SPEC. 11, 


Spec. 11. 


1011 

| 

| | 

| 

Fig. 859, | 

" No. 24, ‘ 

| 

“Cole” 

Fie. 360. | 

” No. 28. 

I 

'Cole”” | 

Fie. 361. 

4 


Fie. 362. 


Spec. 12. No. 48. 


Fic, 364. 
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4 Spec. 12. No. 37. 
| 
“Cole” 
| | | 
“Cole* 56 
Fie. 363. 
| Spec. 13. No. 23.) 
— 
Z 
“Cole” 
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NO. 27. 


“Cole” 
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Spec. 13. 
Y 
Fie. 865. 
PEC, 14, No. 67. ; 
= 
= 14" 
== 4" i 
| = 
Fre. 866. 
SPEC. 14. No. 71. 
° 
Fic. 367. 
Spec. 15. No. 61. 
| 
“Cole” 
Fie. 368. 
65 
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Spec. 15. 


“Cole” 


jane 16. 


” 
Fic. 370. 


” 


12 
| 


; 
1014 
No. 63. 
| 
| 
Fia. 369, 
No. 62. 
-_____-______| 
13¢" : 
+ __ <A 
. | | 
2 
== 1" 
“Cole” = 
SPec. 16. No. 68. 
Yy 
| 
| 
' 
Fia. 371. 
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DISCUSSION. 


Mr. Gus. C. Henning.—It seems almost unnecessary to go into 
such detail and point out the difference between cold-riveted coni- 
cal-headed stay bolts and batton-headed stay bolts, because if you 
look into the thing from the point of our general knowledge of 
the behavior of materials it cannot be otherwise. I have sketched 
Fig. 372 and Fig. 373. Fig. 373 shows how the metal flows in the 


| 


Fie. 372. Fie. 373. 


head, if there is any flow at all, and the fibres are continuous, run- 
ning around to the very edge. All of the material is good. If 
the rivet is to be calked it should be calked a little bit along the 
sheet at the other end of the rivet. The rivei-heads generally 
have quite a sharp edge rounded off. But a rivet driven that way 
ought to be tight without calking. If it is not, there is something 
wrong with the rivet. The rivet in Fig. 373 shows a very slight 
flow of metal. To form that rivet all of the material at the lines 
B and B, is crushed and absolutely worthless to resist strain. As — 
long as the fibre is continuous the material has strength. If it is 
upset by hammering or any other process so that the fibres are 
not continuous, it practically loses its strength. Therefore it is 
almost axiomatic that a conically headed rivet driven cold cannot 
be as strong as the other. Not only that, but the material will 
wear off more rapidly because it is ruined—it is all hammered ; 

and when metal is hammered long enough, it comes off in flakes. 
_ I saw one rivet which a man claimed that he drew through a hole 
seven-eighths of an inch in diameter, and the rivet was one and 
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one-eighth inches across the head. Figures 369 to 871 of the 
paper show almost the same thing. You will notice the rivet on 
the bottom of the page, which is practically pulled through the 
hole, with the extreme edge broken off. I have seen a rivet pulled 
through a hole like this, and it was not broken ; it looked as if 
the rivet was sheared down. 

Another thing in the paper, page 991: the material is character- 
ized as having a tensile strength of 58,390 pounds and an elastic 
limit of 38,900 pounds. Now, for boiler steel this is certainly 
very poor material, because the elastic limit is so high above 
what it ought to be, and with an elongation of 30.25 per cent in 
8 inches. The elastic limit, I have no hesitation in saying, 
would not exceed about 32,000 or 33,000 when properly tested. 
I think the yield point, or a load beyond the yield point at which | 
the machine allowed him to observe it, is meant: In the dis- 
cussion on another paper I will point this out, and show diagrams 
where it is clearly recognized that such an elastic limit as 
38,900 is a myth. 

In the next paragraph there is a tensile strength of 59,150 
and an elastic limit of 28,800—10,000 pounds less than the 
previous one given. Now, if the first was stay-bolt iron the 
second is not. I don’t know of any material that has a strength 
of practically 60,000 and an elastic limit of 28,800, unless it has 
been soaked—hat is, overheated, or ruined otherwise. It is not | 
stay-bolt iron. Nor is the boiler plate which is there mentioned 
characterized as boiler plate by these tests. An elongation of 
31.75 per cent. in 4 inches is given. That would correspond 
to 23.9in 8inches. The next test is almost exactly like it—tensile 
strength 58,400 and elastic limit 28,040—and it can be shown that 
an elastic limit of 28,040 is absolutely impossible. There is no 
such metal, especially in three-eighths plate ; and the elongation 
of 28 per cent. in 4 inches, which is 22 per cent. in 8 inches—I don’t 
think a statement of that sort ought to go unchallenged in a 
. paper before the Society ; therefore I call attention to it. 

Mr. James Hartness.—There is another point, perhaps, regard- 
ing the holding of stay bolts, which it is well to mention, and that is 
the screw thread and length of lead compared with that of the tap 
which produced the thread. This becomes of considerable impor- 
tance in placing a stay bolt in an old boiler. If the tap has a lead 
which is , short in, perhaps, 6 inches, and the bolt a lead which 
is zy long in 6 inches, you can see readily that that will do almost 
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no good except to stop up the holes caused by removing the leaky 
stay bolt; and to overcome that I have recommended the use of 
tandem dies, one die placed directly forward of the other, and 
located, as to lead, to correspond with the lead of the taps which 
are used. 

Mr. Francis J. Cole.*—From the remarks of Mr. Henning it is 
apparent that he has not read the paper so carefully as to dis- 
tinguish the difference between screw stays riveted cold with 
small heads and those with button heads formed hot by upsetting 
in a bolt-heading machine. 

It is customary to rivet over the ends of screw stays to make 
them steam-tight, the work necessarily being performed cold. 
The threads are mostly depended upon for holding power in the 
sheets. It is, however, a disputed point among practical men to 
what extent the size of the head, when riveted cold, increases the 
holding power. The average of the tests shows that the increase 
between the crown stays just riveted over enough to make them 
steam-tight and those with the largest conical heads which could 
be formed was 1,143 pounds hot and 7,650 pounds cold, or about 
33 and 47 per cent. increase, respectively. Again, all the stays 
with conical heads were screwed into the sheets, and the varying 
sizes of these heads were only a secondary factor in their hold- 
ing power, the screw threads affording the major part of the 
resistance. 

In specimens 13 and 16 only there is no thread, the button 
heads of the bolts which were upset in a machine being relied 
upon entirely to prevent them pulling out of the sheet, except in 
Fig. 332, where the taper affords a slight resistance. In the dis- 
cussion, Figs. 372 and 373 show rivets driven in taper holes with 
conical and button heads without threads, the heads apparently 
being formed after inserting the rivets in the sheets. These fig- 
ures do not represent the forms given in the paper, and it is 
therefore unnecessary to enlarge further upon this part of the 
discussion. The object of the tests was to ascertain the relative 
strength of different forms of crown stays, not rivets, with various 
forms of heads and depths of grooves and their holding power, 
both hot and cold. 

Wrought iron is almost universally used for all crown and 
Screw stays in locomotive boilers. Mild steel, in spite of its great 
ductility and toughness, is still considered not so reliable, on ac- 


* Author’s closure, under the Rules. 
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count of its tendency to crack when grooved or nicked—as in the 
root of screw threads, etc.—although this characteristic would 
not materially’ influence the results of these tests. A. sufficient 
amount of one kind of first-class iron was not on hand at the 
time the tests were commenced ; therefore mild steel was used in 
its place. While the tensile strength was somewhat higher, it 
was not considered enough to influence greatly the comparative 
results. The three-eighths boiler steel was first-class material. 
The elastic limits were merely given because they were observed 
and recorded, not from any particular significance in relation to 
the tests. In specifications for boiler steel issued by many promi- 
nent railroads in this country, no mention is made of the elastic 
limit, the elongation, tensile strength. Cold and quenching bend- 
ing tests and chemical composition are judged sufficient to guar- 
antee the quality of the metal. As the elastic limit depends so 
much upon the reduction of the billet or ingot, the number of 
passes through the rolls and the heat when finishing, it is not 
usually observed for mild boiler steel. Moreover, as sheets which 
have been flanged are annealed, any high elastic limit caused by 
rolling at low temperature is neutralized and reduced to a normal 
condition. The elastic limit here given is the commercial one in 
universal use in most rolling mills—namely, that observed by the 
drop of the beam. 

It would be out of place at this time and foreign to the tenor 
of the paper to enter into any extended discussion of what con- 
stitutes good boiler material. The following tests of steel boiler 
plates made by different observers and of various makes will 
show that the elastic limit, or what is usually known as such, of 
mild steel, does not bear an exact relation to the ultimate strength, 
but depends largely upon the mechanical treatment which the 
material receives. 


Ultimate Elastic 
Size. strength. limit in 8 in. 
-40 x 1.5 51,616 _ 26,833 82.50 
-318 x 1.49 52,722 35,880 * 26.25 
.835 x 1.48 56,353 36 304 26.87 
-829 x 1.49 54,651 34,067 23.25 
.890 x 1.50 57,923 28,205 26.62 
1.56 x .367 50,520 81,940 35.00 
1.56 x .308 58,420 41,460 28.75 
1.52 x .4382 50,020 80,280 86.00 
1.255 x .578 60,700 43,650 : 80.25 
1.815 x .497 58,790 35,380 29.5 
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Speaking generally, the elastic limit should not be less than 
50 per cent. nor more than 70 per cent. of the ultimate strength 
for boiler plates where the steel possesses the other necessary 
qualifications. 
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A CONTINUOUS STEAM-ENGINE INDICATOR. 


DCCXLIV.* 


A CONTINUOUS STEAM-ENGINE INDICATOR. 


BY THOMAS GRAY, TERRE HAUTE, IND. 
(Member of the Society.) 


THE instrument described in this paper was devised in the 
spring of 1892 with the object of obtaining a record of the per- 
formance of a gas engine during a series of successive cycles of 
operation. These records were to be used for the determination 
of the average indicated horse-power of the engine, and also for 
the study of the character of the successive explosions when the 
engine was governing, when the relative supply of air and gas 
was varied, etc. A somewhat crude form of the instrument was 
at that time constructed, and was successfully used during a 
number of tests. The great convenience of this kind of indica- 
tor not only for the study of gas-engine performance, but for the 
testing of all kinds of engines under rapidly varying conditions 
as to load, etc., was at once apparent, and led to the development 
of the forms of the instrument here described. 

The most important feature of this kind of indicator is the 
mechanism for producing continuous forward motion of the 
record sheet by means of the backward and forward motion of 
the piston of the engine. A, continuous uniform motion is of 
course readily obtained, either from one of the revolving shafts 
of the engine or from an independent source, and for some pur- 
poses is sufficient ; but where the card is to be used for any- 
thing more than illustrative purposes, and even for that, it is 
desirable that the rate of motion of the paper should, at all parts 
of the stroke, bear a constant ratio to that of the piston. 

A sketch of one form of the instrument which has been found 
to give satisfactory results is shown in Fig. 374. On the left of 
the sketch the cylinder of an ordinary indicator with its record- 
ing levers will be recognized. The recording pen is shown in 
contact with a ribbon of paper, F, near its lower edge. This 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
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ribbon of paper is drawn from a drum @ (Fig. 375), carried around 
an idler cylinder at /, and wound ona drum H. The rate of 
motion of the paper is controlled by the cylinder .C, which is 
driven by the engine in the following manner: The wheel 4 is 
made to oscillate backwards and forwards through the required 


arc by means of any of the ordinary reducing-motion arrange- . 


ments used for taking indicator cards. Cords or metal straps 
are attached to the upper and lower sides of the wheel A and 
carried in similar directions round the pulleys BB, which are 
fixed to the upper and lower ends of the shaft of the cylinder C. 


Fie. 374, 


‘The free ends of these cords are then led round the pulleys D 
and connected together through a short spring, E. If we now 
suppose the wheel A to be turned in such a direction as to pull 
the cord towards it round the upper pulley 2, the tension on 
the cord between the wheel and the upper pulley will be greater 
than the tension given by the spring /, while the tension on the 
cord between the wheel and the lower pulley will be less than 
that given by the spring / ‘The cylinder C will, in conse- 
quence, be given a clockwise rotation, the lower cord slipping 
round its pulley and acting the part of a strap brake to prevent 
excessive movement. When the motion of the wheel 4 is re- 
versed the cord between the lower pulley and the wheel has the 
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greater tension, and thus causes the cylinder (to turn. This, 
however, also gives a clockwise motion to the cylinder C, and 
hence it is clear that both the forward and backward stroke of 
the engine piston will turn the cylinder C in the same direction 
and at a rate which, at every instant, is proportional to the rate 
of motion of the piston. The frame which carries the drums G 
and /7 swings round an axis at J and is pressed towards the 
cylinder C by aspring. The paper ribbon passes between the 
drum H and the cylinder (C, and thus when the cylinder is 
turned the drum is caused to rotate and wind forward the paper. 
Since the drum // is driven through the pressure of Con the 
paper as it comes from the idler J, and since C turns an equal 
amount for each stroke, the length of paper which passes the 
recording pen is also the same for each stroke, no matter how 
much paper may be stored on the drum. 


Swinging frame 
pivoted at 1"? 


Fig. 375. 


The resultant turning moment given by the combined action 
of the upper and lower cords to the cylinder C may be expressed 
as follows: Suppose the upper cord to be pulled, and let the 
tension on the side nearest the wheel A be 7; while the tension 
_given by spring /' is 7” and that on the lower cord between B 
and A is 7”, then we haved, = o = e"®, where ¢ is the base of 
the Naperian system of logarithms, « the coeflicient of friction 
between the cord and the pulley, and # the angle of lap of the 
cord in radians. We thus get a forward moment of 

| M=(T-T')r = Tr (e* —1) 
and a backward of 
= — T"\4 = T"r (&* — 1), 
where r is the ser of ites. of the pulleys B. 

Taking the difference of these two moments, we get for the 
effective turning motive the expressions 
M —M'=(T4+T"-- 27) = — 2") —1) 1) 
This turning moment is evidently always such as to turn the 
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drum in the same direction whether the upper or the lower 
side of the wheel A recedes from the cylinder C. The pull 7” 
should always be sufficient to insure that the cord which has to 
slide should do so without becoming slack ; that is to say, 7” 
should be large enough to prevent any accidental sticking of the 
cord from causing 7" to become zero. . 

When, under the circumstances just described, a curve is 
drawn on the ribbon by means of a pen, the height of which 
above a datum line, corresponding to zero pressure, is propor- 
tional to the steam or gas pressure on one side of the piston of 
the engine, the area of the paper included between the datum 
line and the curve is proportioial to the work done on that 
side of the piston. This work is positive for the forward stroke 
and negative for the backward stroke. If the indicator piston 
and piston rod be properly proportioned to suit those of the 
engine tested, and the ends of the indicator cylinder be connected 
to the corresponding ends of the engine cylinder, the ordinates of 
the curve will at all times be proportional to the effective rate 
of working. For the study of the action of the working fluid, 
the effects of different setting of valves, of throttling, of varying 
speeds, and so forth, the most convenient arrangement is to 
connect one end of the indicator cylinder to one end of the 
engine cylinder in the ordinary way. The atmospheric line is 
drawn by a second pen (not shown in the sketch), which is made 
toserve the double purpose of drawing a datum line for the 
diagram and of marking a time scale on the ribbon. The time 
scale is obtained by attaching the pen to the armature of a small 
electromagnet, the coil of which is in circuit with a battery and 
a break-circuit clock. The clock used marks half seconds, and 
works satisfactorily even when carried on the front of a locomo- 
tive drawing an express train. 

The paper ribbon on which the record is taken is usually 
about two inches broad, and is carried on a light brass drum, 
(Fig. 375), which is prevented from turning too freely by a light 
friction brake. The paper is passed over the idler / for the pur- 
pose of presenting a writing surface in a constant position rela- 
tively to the pen levers and also for the purpose of allowing the 
drums @ and H to be placed a short distance from the indicator 
cylinder. This precaution is advisable in order to prevent escap- 
ing steam from wetting the pulleys B or overheating the cylinder 
C, which is found to work best when covered with rubber. The 
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drums G and H are made interchangeable, and provision is 
made so that they can be quickly removed and interchanged so as 
to use the paper more than once if desired. A number of drums 
is provided so that ample paper is available for a number of 
tests. Each drum carries upwards of 200 feet of ribbon, and 
hence, allowing two inches to each stroke of the engine, one 
roll of paper is capable of taking over 1,000 successive strokes. 
The method of feeding the paper ribbon adopted in this 
instrument, requires the cylinder C and the drums to be care- 
fully adjusted so as to prevent the paper from travelling to- 
wards one end or other of the drum H. When the adjustment 
is once made, however, the apparatus works perfectly. A some- 
what more perfect but much more expensive arrangement is to 
drive the storage drum by clockwork and a spring, while the 
paper is passed between the. cylinder C’ and a second roller. 
The cylinder C’ then simply controls the motion, and is then 
somewhat more easily driven. Both of these arrangements give 
cards of equal length, no matter how much paper is on the 
drum H. When quantitative measurements from the cards are 
not required the paper may be wound directly on to the cylin- 
der C. The cards then increase in length as the amount of 
paper in the cylinder increases, but this is unimportant in such 
a case, as the change for successive cards is not noticeable. 
_ Another method of driving the cylinder C is indicated in F:gs 
376 and 377. Fig. 376 is a plan of the part below ad in Fig. 377, 
and Fig. 377 may be taken as a section on ab (Fig. 376) of one end 
of the shaft and driving mechanism of the cylinder C (Fig. 374). 
In Fig. 377 the driving pulley is shown at p. It is in this case 
loose on the shaft, but carries two pawls, qq (Fig. 376). These 
pawls are pressed by springs against the rim of a shallow cylin- 
drical box which is fixed to the shaft. The pawls are so ad- 
justed that when the pulley turns in one direction (clockwise 
in the figure), the box, and therefore the cylinder C, is turned 
with it, but when the pulley turns in the opposite direciion the 
pawls simply slip round, while at the same time the cylinder is 
turned by the pulley on the other end of the shaft. In this 
arrangement the cords do not slip on the pulleys, but the con- 
nection of the pulley to the shaft is such as to slip in one direc 
tion and grip in the other. This gives precisely the same action 
as before, and has the advantage that for the same amount of 
driving power the frictional resistance is much smaller. 
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two diagrams, Figs. 378 and 379, are here given. 

In Fig. 378 is shown a series of cards taken from a locomotive 
which was drawing the New York and St. Louis express. The 
engine starts from rest at Greencastle Junction, and attains on 
an up grade a speed of about forty miles an hour. All the cards 
are shown until the engine acquires a speed of sixty-six revolu- 
tions per minute, after which the cards change very little. 
Samples of cards, with the number of the revolutions of the 
engine, reckoned from the start, and the corresponding speed, 
are given in the lastcolumn. From the print here illustrated to 
the end of the record the speed varied between 210 and 200 


Fie. 376. Fig. 377. 


revolutions per minute. The engine therefore attained full 
speed in about 330 revolutions, or in approximately one-mile run. 
Fig. 379 is a sample of the results obtained from the high- 
pressure cylinder of a 250-horse-power Westinghouse compound 
engine while driving, in parallel with another engine, the Terre 
Haute street railway plant. A few of the cards have the com- 
pression-half dotted back so as to show the work area of the 
card. The series of cards is continuous, the speed of the engine 
being approximately 250 revolutions per minute. The cross 
marks on the datum line show points one second apart in the 
record. It will be noticed that the engine passes from nearly full 
load to near zero load in about two seconds at one part of the 
record. This gives a good illustration of the highly variable 
condition as to load under which such power plants have to 
operate. It should be stated that so great and sudden a varia- 
tion was not again observed, but conditions approaching these 
are not rare. 
To help interpretation of the record, attention may be called 
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to the fact that a loop in the ordinary indicator card forms a 
forward step in these cards. This is indicated in the cards, 
which are dotted back in the diagram given. 


DISCUSSION. 


Mr, Albert A. Cary.—Mr. Gray’s paper has been one of no 
small interest to me, recalling, as it does, a number of experi- 


Fie. 380. 


ments in which I have endeavored to secure a series of indicator 
diagrams in as close succession as possible in order to catch 
readings of extreme variations of load, as well as to determine 
what the true average load really was. At one time I used three 
interchangeable paper drums for my indicator, keeping an assi® 
tant at work taking off and putting on new cards ; but this proved 
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far from satisfactory, as I often missed important “peak loads” 
by being unavoidably a moment too late. A few days ago, after 
receiving a copy of Mr. Gray’s paper, I learned of another 
continuous steam-engine indicator, recording automatically the 
amount of work actually done by any engine to which it might 
be applied. ._ I called on the manufacturers (Messrs. Schaeffer & 
Budenburg), and they very kindly offered me an instrument to 
F exhibit in my discussion of Mr. Gray’s paper, which instrument 
# I am pleased to place before you (Fig. 380). This was invented 
by Mr. W. O. Amsler, of Pittsburg, who started out with the 
assumption that such an instrument should have its friction 


m reduced to a minimum for the sake of accuracy in results, and 


also to reduce the wear of the integrating surfaces, and, further, 
that it should be as light as possible for easy transportation. 

This instrument is constructed to record the work done in the 
engine cylinder at each stroke ; and, as it is in continuous opera- 
tion, it adds the successive results thus obtained and shows them 
plainly upon the indicator dial from which readings are taken. 
The kinematics of the method adopted in this instrument differ 
materially from anything I have seen, and, believing that it will 
also be new to the members of this Society, I have taken the 
liberty of introducing it to your attention. The principle of 
operation can be understood by referring to Figs. 381 and 382. 

In a regular indicator diagram we have two motions recorded, 
one of which is obtained through the reducing motion, which is 
proportiona] to the motion of the engine piston, while the other 
is produced by the varying pressure in the cylinder, which causes 
the indicator piston to rise and fall in a line at right angles to 
the first motion described. The diagram produced by these two 
motions shows either one or the other of these motions acting 
Separately, or else a resultant of both when both are operating 
at the same time. Although these two motions are not recorded 
on a paper in this instrument, as is the case with Mr. Gray’s 
instrument, they are recorded just as positively through the me- 
dium of a revolving cylinder, and in such a manner that it is 
possible to tell the actual amount of work that has been done by 
the engine during an extended period of time, and this without 
the trouble of integrating and working up a large number of cards. 

The Amsler continuous-work indicator consists, first, of a ver- 
tical rotating cylinder turning around the axis de (Fig. 381); 


Seeeeeand as this cylinder rotates in the direction of the hands of a 
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watch, its number of revolutions is recorded through a worm 
gearing on the recording dial which is placed beneath it. It 


Fie. 382. 


will be noticed that the rotating cylinder always turns in the same 
direction, thus constantly adding the total number of degrees 
passed ee as each time it is set in motion. We will now trace 


AN | ‘ 
Cary 


| N 

| | F 

I 

Ne 

/ 


1030 A CONTINUOUS STEAM-ENGINE INDICATOR. 


the source of motion for this rotating cylinder, remembering that 
its motion must correspond to a resultant of the two motions, 
which are the same as those occurring in the regular steam-en- 
gine indicator, such as has just been described. Bearing against 
the rotating cylinder a spherical segment S is found, the centre 
of which is at a. The line ab shows an axis of rotation, around 
which this spherical segment revolves. 

When this axis ab is at right angles to the axis de, the re- 
volving sphere produces no motion in the vertical cylinder ; but 
when the axis of the sphere is moved from this position, as shown 
in the dotted lines a’b, motion must be imparted to the cylinder C, 
as the sphere revolves around a’d in contact with the cylinder C. 

Tt will be seen that the angular distance travelled by the cylin- 
- der C will depend entirely upon the position of the centre (a) of 
the spherical segment, providing the spherical segment S is ro- 
tated continuously backward and forward, through the same num- 
ber of degrees, each time, around its axis ad. The distance 
travelled by the cylinder C is measured by the diameter of the 
circle whose radius is (as shown by the dotted lines) be, which 
is a function of the distance aa’. This diameter is, of course,. 
the sine of the angle a. 

It is evident that the path of the centre a, with the sphere 
rocking on the straight cylinder C, will be a straight line parallel 
to de, providing the lines de and ab remain in the same plane. If, 
therefore, we connect a piston rod from a piston which is acted 
upon, one side by the steam pressure from one end of the engine 
cylinder, and the other side acted upon by the steam pressure 
from the other end of the engine cylinder, and if the end of this 
piston rod is connected to the point @ in such a manner that the 
centre line of the piston and rod is parallel to the line de, the 
motion of the point a will be proportional to the difference of 
pressure in the two ends of the engine cylinder. Evidently this 
difference of pressure is the only pressure tending to do work. 

It is now almost unnecessary for me to state that the greater 
the difference of pressure between the two ends of the engine 
cylinder, or the higher the initial pressure used, the greater will 
be the angle through which the cylinder C will be rotated during 
one stroke of the piston. f 

We now have a measure of the useful effect of the force applied, 
and it only remains to measure the distance through which this 
force travels. This is obtained directly from the regular reducing 
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motion usually applied to the cross-head of the engine or to some 
other reciprocating part moving with the engine’s piston. From 
the reducing-motion device the connecting cord is attached to 
the drum D (Fig. 382), containing the usual reacting spring. 

As this drum revolves, first in one direction and then in the 
reverse, it communicates its motion by means of a vertical rack 
to a segmental gear G’, which in turn communicates its motion, by 
means of an attached rack and bevel gear, to the spherical seg- 
ment S, causing it to revolve around its axis ab. 

The effect of the rotation is nil when the axis of this spherical 
segment is along the line ad (Fig. 381), and then, of course, the 
pressure on the top and bottom of the indicator piston is equal 
and no work is being done ; but as the axis of this spherical seg- 
ment is changed, as shown by the dotted lines (Fig. 381) with 
the axis at a’, b, the effect of the rotative motion from the reduc- 
ing motion is to cause the cylinder C to rotate through an angle 
proportionate to the position of the centre a above or below the 
line ab. 

I have omitted to state that regular indicator springs are ap- 
plied to the lower end of the piston rod, so as to govern the motion 
of the indicator piston in the regular way. 

From the preceding description it will be understood how the 
- two motions of the indicator have been reduced to a single result- 
ant ; and now it only becomes necessary to learn the nature of the 
curve produced, assuming it to be plotted on codrdinates, in order 
to be able to interpret the results read off from the indicator 
dial. 

This curve may be obtained by direct calculation after the 
dimensions of the instrument are known, and also the movement 
of the piston per unit of pressure, or else it may be plotted from 
the results of a direct calibration of the instrument which is 
applied to an engine cylinder at the same time that two indica- 
tors of the regular well-known patterns are in use. In the latter 
case periodic readings are taken from the work indicator, which 
are compared with the indicator diagrams taken during the same 
- period. 

Fig. 383 shows curves which are plotted in both of the above- 
described manners. The différence between the “actual curve” 
and “theoretical curve” is doubtless due to an inaccuracy in the 
spring used, which was afterwards discovered. This calibration 
was made by the use of a Corliss engine. The elbows connecting 
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the regular indicators to the cylinder were replaced by tees, the 
regular indicator connections being then made from one branch 
and the connection to the continuous work indicator from the 
other. The same reducing motion was used for all the indicators. 
Four one-hour runs were made, the loads on the brakes being re- 
spectively 200, 300, 400, and 500 pounds. Readings for indicated 
horse-power and of the continuous indicators were made every 
five minutes. The results of these observations are shown by 
the “actual curve.” This curve, when plotted, proved to be a 
simple straight line. The theoretical curve was drawn parallel to 
the actual, but through the origin. 

It will be seen that the abscissas show the readings of the 
meter per minute per pound of spring per foot of stroke of 
reducing motion, while the ordinates give us the indicated 


horse-power per square inch of piston per foot of stroke of 


engine. 

The result obtained from this instrument is simply the total 
work done by the engine during the period of its application. 
By examining the dial from which readings are taken it will be 
seen that the worm drives two gears having 100 and 101 teeth 
respectively, and by this method of differential gearing ten thou- 
sand revolutions of the vertical cylinder C are reported before 
repeating. By this means a comparatively long run (of several 
hours) can be made, and by taking readings two or three times a 
day, an all day’s test can easily be made, A very simple device 
ean be added to this recording dial which will make several days’ 
run without readings possible. 

Prof. D. S. Jacobus.—The instrument just described by Mr. 
Cary will be very useful for a certain class of testing work. In 
tests of electric power stations where the load is variable we can 
obtain the electrical output by means of a wattmeter much more 
accurately than we can the indicated power of the steam engine 
if we indicate the engine in the ordinary way, so that the con- 
tinuous indicator would be very useful where the ratio of the elec- 
trical output to the indicated power is to be determined. The 
instrument would also be useful in tests of a gas engine where 
the power varies a great deal during the successive strokes. The 
instrument presented by Professor Gray is capable, however, of 
being used in some cases where the one just described by Mr. 
Cary would not give the desired results. For example, two stu- 
dents of our class of 1896 selected as the subject of their graduat- 
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ing thesis the test of a Ward-Leonard elevator, and they wished 
to obtain the power required by the elevator from the beginning 
of its travel until it reached the top of the building, including the 
power at the intermediate stops. In the elevator which they 
tested the engine acted as a brake when a stop was made, so that 
for a short interval there was a minus load on the engine. They 
found the horse-power for all conditions of running of the eleva- 
tor, including the minus or retarding power at each stop, which 
could not have been done with the instrument just described by 
Mr. Cary, on account of the shortness of the time during which 
the record was taken. 

The continuous indicator used by our students was arranged 
so that the paper passed along at a fixed rate of speed ; that is, 
it was made to travel in a certain ratio to the fly-wheel speed. 
The diagram was worked up by ordinates. Of course this took 
considerable time, but since then I have devised a planimeter 
which can be used to obtain the rectified area directly. We found 
one difficulty in using the continuous indicator: The indicator 
would trace a very accurate curve, but we had to mark the zero 
points of the curve; that is, we had to mark the dead-centre 
points exactly, and in this one particular the indicator was defec- 
tive. Electric magnets were arranged in which the current was 
broken at the dead centres, but the lag of these magnets amounted 
to over one-sixteenth of an inch of movement of the paper. In 
the indicator devised by Professor Gray we have to measure a 
_ plus area and then a minus area, and to do this we have to know 
where to start and stop. I should think that there ought to be 
an arrangement for marking the dead centre positions, unless by 
the stopping of the drum at the end of each stroke the pencil of 
itself makes some sort of a mark which can be distinguished. 

- I would like to ask Professor Gray what means he has of de- 
termining where to start and stop in measuring the forward and 
the back pressure areas. 

Mr. Il. H. Suplee—As a contribution to the history of this — 
subject only, it may be interesting to look up the old indicators. 
General Morin, the celebrated French experimenter, had a con- 
tinuous indicator on his engine at Metz sometime in the early 
forties which gave a continuous, not intermittent diagram.* Ten 
or fifteen years later Sir Daniel Gooch, the British locomotive 


* A, Morin: Notions fondimentales et données d’ experience. 
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builder, had a very ingenious continuous indicator, which is de- 
scribed in Clark’s Railway Machinery. The paper was moved by 
the locomotive shaft ; and the indicator was made with an ellip- 
tical spring instead of the modern spiral spring, using a short 
stroke and a stiff spring in order to get rid of the excessive vibra- 
tions of the old McNaught indicator of the day. He used a lever 
to multiply the movement, the motion of the pencil being in 
an arc, giving a diagram in curved ordinates, which had to be 
translated ; because, in the first place, it was continuous while 
the piston motion was variable, and, in the second place, it was 
on a curved system of codrdinates. A continuous integrating 
indicator was also made by Professor Moseley sometime about 
1850. 

Professor Gray.—With reference to Mr. Jacobus’s question, the 
plan I have usually adopted is to take a card by means of an 
ordinary indicator and compare. There is not usually any great 
difficulty in determining the end of the card when the paper 
comes to rest at the end of the stroke. For greater accuracy 
than that obtained by comparison with the ordinary card, it may 
be well to mark some definite point in the stroke—say, the middle 
of it—which may be done either mechanically or by an electric con- 
tact actuating some recording device. In most of the work for 
which I have used the indicator the object has been to study the 
action of valves, the effect of different mixtures of gas in the gas 
engine, and so forth, and hence the shape of the card was of 
greatest importance. Where we want accurate knowledge as to 
the end or any other point of the stroke, it can be readily ob- 
tained in the manner just indicated. 

In regard to the very ingenious instrument described by Mr. 
Cary, I may say that it belongs to a different class from that 
which I have described, and I should like to state that in a num- 
ber of the locomotive tests from which I took the sample diagram 
given in the paper, the work done during some thousands of miles 
of run was integrated out by an apparatus for the same purpose. 


The continuous-card indicator formed only a part of the apparatus 


used ; another instrument was used to integrate the total work 
done during the entire run. The integrating indicator which 
was used in these tests is of simpler construction than that just 
described by Mr. Cary. It was designed by Prof. C. S. Brown, 
and is similar to the energy meter devised by Professor Boys of 
London some sixteen or seventeen years ago, The most impor- 
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tant parts of the instrument (Fig. 384) are a small drum D, a 
wheel W, and a counter C. 

The drum D is moved, parallel to its axis, backwards and for- 
ward through an inch or less by means of an attachment to the 
piston of the engine. At the same time the wheel W has its 


Fie. 384. 


plane (which is normally nearly parallel to the axis of the drum) 
turned through an angle proportional to the difference of the 
steam pressure on the two sides of the engine piston by means of 
an indicator piston which is connected to a short arm fixed to the 
frame in which the wheel turns. As the drum moves backwards 
and forwards the wheel W causes it to revolve round its axis by 
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an amount proportional to the product of thé inclination of the 
wheel and the stroke of the drum. The number of revolutions of 
the drum as shown by the counter is thus proportional to the 
work done by the engine. 

The beauty of this little instrument is, in-the first place, its 
cheapness. Itis very easy tomake. In the second place, it gives 
very accurate results. The amount of resistance which the drum 
is able to overcome is perfectly surprising when the wheel W is in 
hard contact with it. We standardized these instruments—of 
which we have several—when the drum had a polished metal sur- 
face, lubricated surface, paper-covered surface, etc.—and did not 
find the slightest variation, using, of course,.a mechanism for 
driving which gave a definite area at each stroke. Another point 
about this is that the exact setting of the arm is not important. 
The deflection from the zero is all that is wanted. There is no 
error produced by the wheel not being set exactly on the diame- 
tral plane of the drum. Such instruments are of very great use for 

"purposes such as have been called attention to. Ido not intend, 
in the case of a long run, to use the continuous indicator to obtain 
the total work. It is too much trouble. To integrate all those 
curves would take a man some hundreds of times as long as it 
would to take the cards. I do not use the continuous card to 
obtain the work done except in such cases as Professor Jacobus 
speaks of, where a comparatively small cycle repeats itself. 

Prof. John H. Barr.—In regard to the question asked by Pro- 
fessor Jacobus about indicating the beginning of the stroke and the 
reply by Professor Gray, I understood the latter to say that he 
prefers marking his diagram at the middle of the stroke. It 
seems to me that he has a decided advantage over Professor 
Jacobus in this respect if he chooses to take it, and that it lies 
in marking his diagram at the end of the stroke, because the 
paper moves with a motion proportional to that of the piston, 
with an approximate harmonic motion. His paper comes to rest 
at the end of each stroke, and therefore the error due to the 
magnetic lag (a time effect) will be a minimum if he marks the 
diagram at that point. If he marks it in the middle when the 
velocity is highest his error will be a maximum. 

Thad occasion to investigate magnetic lag about a year ago 
in working up a dynamometer for measuring the friction of engine 
valves in operation. The diagram of this instrument is produced 
by a pencil under control of a magnet in an electric circuit which 
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is made and broken with each stroke of the engine. The charae-. 
ter of the diagrams obtained convinced me that the magnetic lag 
was serious. To determine the amount of this lag we mounted 
a paper drum in a lathe, with a contact-piece and brushes so 
arranged that the pencil made a mark on the paper at every 
revolution of the drum. A zero reading was taken with the drum 
at rest; then, from the record made with the drum rotating at a 
known speed, the magnetic lag was determined. We found by 
increasing the number of cells of our battery up to eight that we 
could reduce the lag. With more than eight cells we did not get 
any appreciable reduction of lag. The minimum lag which we 
obtained with eight cells. was about one-eightieth of a second. 
On an engine running three hundred revolutions a minute this is 
very serious. We calibrated our curves and reconstructed them 
on the basis of the lag as determined in the above manner. One 
of the students in our laboratory suggested a most ingenious 
method of getting around this difficulty, and on trying his scheme 
afterwards we found no appreciable lag. In place of a plain 
paper and pencil he used the so-called silver paper, or tinsel 
paper, such as is much in evidence about Christmas time, and 
clamped one edge with a metallic clamp. A wire passes from 
that clamp through the battery, and the other end of the wire 
may come in contact with this paper. No magnet in it at all. If 
the point of the wire touches the paper the circuit will be closed 
by the metallic surface of the paper, and this surface will imme- 
diately be oxidized, vaporized, at the point of contact. Passing 
this end of the wire over the paper will leave a mark which is 
very clear, and on holding it to the light one can see through it. 
If you make a circle on the paper and then tonch a point within 
the circle, it fails to record because the circuit is broken. This 
method, doing away with the magnet altogether, enabled us to 
reduce the lag to a quantity so small that we could not measure 
it. But it seems to me that if Professor Gray is to indicate the 
beginning of the stroke by magnetic means he has a decided ad- 
vantage in making that record at the end of the stroke when his 
paper is at rest, and thus reducing the distance corresponding to 
the time lag. 

Professor Aldrich.—There is one question I would like to ask 
Professor Gray in relation to the sketch, Fig. 374, page 1021, 
taken in connection with Fig. 375, page 1022, and the deductions 
of the formule on that page—namely, whether he noticed any 
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considerable slipping action of the cords on.the upper and lower 
pulleys BB, the cord itself making one complete turn around the 
top and bottom pulleys? 

Professor Gray.—None at all in the driving end. The only 
difficulty which comes in the case of a flexible connection is 
that which we have to contend with in all indicator practice— 
extensibility of the strap. That, of course, we have to contend 
with always. But I have run on some fast runs with steel straps, 
ordinary watch-spring straps, and, beyond the difficulty of heat- 
ing, we had no trouble and got less stretch than with the cord. 
To get rid of the stretch between the engine and the drum itself 
I used a chain of considerable weight, so that the connection is 
practically rigid. But, as I say, I prefer to use the second method 
where the straps are replaced by the drum and mechanism, which 
is practically an infinitely fine ratchet action in that case. 

Professor Aldrich—Then, as I understand Professor Gray, 
there is no slip to be taken into consideration in connection with 
the formula on page 1022. This formula is developed on the hy- 
pothesis that there is such a slipping action, producing a differ- 
ence in the tensions of the cords, as is shown by the use of the 
common formula for the ratio of these tensions; thence the 
effective turning moment (bottom of page 1022) is developed. 

Professor Gray.—No absolute slip is required in order that the 
forces assumed in the formule may be established. 

Professor Aldrich—There is a question I wish to ask Mr. 
Cary. The Schaeffer & Budenburg Company, of New York, had 
on the market some years ago a differential indicator—of German 
invention, I believe. In this the same purpose was effected as 
in the instrument shown by Mr. Cary, without any attachment 
for integrating the work done; that is to say, the difference of 
pressures on each side of the engine piston was simultaneously 
reproduced on the diagram by introducing these pressures, each 
on opposite sides of the piston of the indicator. Is it not true 
that there will be a continuous and quite appreciable loss, vitiat- 
ing the recorded difference of pressures, when on one side of the 
indicator piston there is high pressure of the forward stroke, say, 
and on the other side the back pressure of exhaust, or even the 
vacuum of the condenser? Will there not be such a loss and 
therefore a result which is vitiated by the steam leaking past the 
piston of the indicator? 

Ur. Albert A. Cary.—This instrument was placed in my hands 
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but a short time before this meeting, and for that reason I may 
not be as well prepared to discuss all its points as I would be 
otherwise. 

Concerning the leakage of the piston, I believe that it is gen- 
erally conceded that an indicator piston should not be tightly 
fitted, and supposing, in this case, that the usual amount of leak- 
age occurred around the piston; when we compare this volume 
of escaping steam with the total volume admitted to the indicator 
cylinder through its comparatively large openings, the error in 
the results indicated must certainly be too small for practical 
consideration. 

Professor Gray.*—As Professor Aldrich’s question has a bear- 
ing on the apparatus I have described I may state that in cases 
where pressure is taken from both ends of the engine cylinder 
double indicator piston is used and the space between the pis- 
tons is ventilated. Ido not think any error would arise in the 
way suggested by Professor Aldrich, but the double piston was 
adopted because it is required when indicating certain kinds of 
compound engines by means of an integrating indicator. 

As to Professor Barr’s remarks on the magnetic lag, ete. I 
agree with him as to the comparative ease of recording the end 
of the stroke by electromagnetic means. I had not in mind the 
use of an apparatus of the kind, but even with electromagnetic 
apparatus the lag can be made inappreciable. One of the least 
inert arrangements is that used in the Kelvin siphon recorder or 
the H. A. Benval galvanometer. The electrochemical method is 
probably the best. 


_ * Author’s closure, under the Rules. 
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AN APPARATUS POR ACCURATELY MEASURING 
PRESSURES OF TEN THOUSAND POUNDS PER 
SQUARE INCH AND OVER. 


BY D. 8. JACOBUS, HOBOKEN, N. J. 


(Member of the Society.) 


4, THE apparatus is shown in Fig. 385. The pressure-measuring 
device consists of a steel plug A, half an inch in diameter, 
fitted into a steel bushing Z, the hole in which is 0.5005 inch di- 
ameter. The top of the plug 4 is fastened to the centre of the 
wheel (. His a steel plate which bears downward on the axis 
of the wheel C. There is a ball bearing D between the steel 
plate and the axis of the wheel. G is a circular base for sup- 
porting the apparatus. 

A pressure is produced by means of a special device, not 
shown in the sketch. This pressure is transmitted to the meas- 
uring device by forcing oil through the one-quarter inch pipe 
I. The oil pressure tends to raise the plug A. 

The plug-and-wheel device is placed on a pair of platform 
scales, or in a testing machine arranged for tests of compressive 
strength, and the downward force P required to hold the block 
Fin place is accurately measured. To this is added the weight 
of the wheel: (C, and of the ball-bearing device and plug, and 
from this total force the liquid pressure is calculated. 

The wheel C is spun around when the weight P is measured, 
in order to rotate the plug and thus eliminate the effect of 
friction. 

The pipe F which transmits the pressure is about sixteen 
feet long, and bent in the form of a U, so that any little dis- 
placement of the pressure-producing device will not affect the 
reading of the platform scales. 

If a gauge is to be tested it is attached at //. The weight P 
required for a given pressure is calculated, and the scale-beam 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
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of the platform scales is adjusted so that it will register this 
weight. The oil pressure is then increased until the beam of 
the platform scales is raised, the wheel C being spun to elimi- 
nate the effect of friction, and when the scale beam is balanced 
the gauge is read. The reading of the gauge for various pres: . 
sures is thus obtained, and the difference between the readings, 
and the pressures as measured by the plug, gives the correc- 
tions for the gauge. 

This apparatus has been employed for calibrating gauges to 


Fig. 385. 


10,000 pounds pressure, and for measuring pressures as high as 
15,000 pounds per square inch, and has given entire satisfaction 


DISCUSSION. 


Prof. R. C. Carpenter.—We have found an apparatus, quite 
similar to that described by Professor Jacobus, to be extremely 
useful not only for very high pressures, but also for pressures of 
small amount. The writer described two forms of apparatus, 
working on this principle and applied to the testing of indicator 
springs, in vol. xv., p. 454, of Zransactions of American Society 
of Mechanical Beieeene: ; cuts of both these forms of apparatus 
are shown (Figs. 386 and 337). In connection with the use of 
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that apparatus I would say that we have found it quite possible 

to get a perfectly straight line for. the calibration curve from an 
indicator spring, which has, I believe, been found impracticable 
with a mercury column. 

Previous to this time we had used a similar device, but of con- 
siderable more power, in calibrating a hydraulic gauge to 10,000 
pounds pressure. | 

The Yale & Towne Company also employed the same princi- 
ple, using, however, a diaphragm in place of a piston for cali- 
brating their very large and delicate pressure gauges which were 
furnished with the Emery testing machine. 

The apparatus made by Yale & Towne for calibrating the 
Emery testing machines was presented by Yale & Towne to 
Sibley College, and about four years ago this apparatus was 
used by their superintendent in a manner similar to that de- 
scribed for calibrating a gauge which had been sold with one 
of their testing machines, through a range of pressure of several 
thousand pounds. We have also calibrated hydraulic gauges for 
Schaeffer & Budenberg, of Brooklyn, N. Y., toa pressure of 
10,000 pounds in a similar manner. _ 

In looking over the records of the patent office some years ago 
I discovered that a patent had been issued to George Westing- 
house, Jr., for an apparatus working on this principle and for the : 
purpese of calibrating gauges with fluid pressure. The apparatus | 
invented by Mr. Westinghouse showed many ingenious devices 
for maintaining a constant pressure which could be fixed for nd 
predetermined amount. 

Professor Jacobus.*—I wish to thank Professor Carpenter for 
his kind discussion of my paper. The essential difference in the 

instrument I have described and of others now in use consists 
in the ball-bearing at the top of the spindle. 

We have for a long time employed a device similar to that 
manufactured by the Crosby Steam Gauge Company for measur- 
ing ordinary pressures. In this weights are placed on top of the 
spindle, and it is rotated in determining the pressure. The ap- 
paratus which I described for measuring the steam pressure in a 
device for calibrating thermometers was of the latter form.t We 
use a similar apparatus in standardizing indicator springs. 

We have found that a plug cannot be relied upon for accurate 


* Author’s closure, under the Rules. 
+ Transactions, vol. xvii., p. 168. 
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Fre. 386. 


measurement of pressures unless it is rotated so as to eliminate 
the effect of friction. With a plug adjusted so as to make an 
accurate free fit it is difficult to reduce the error due to friction 
to less than 3 per cent. when the plug is not rotated, and the 
error may be much greater. 

In some testing work it is convenient to produce the pressure 
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by forcing the plug downward, and measure the weight required 
to force the plug downward in order to estimate the pressure. 
This method will give results from 5 to 10 per cent. too high 


with a plug that is a loose fit, and the error may be greater with 
a plug that is a tight fit. 

It is important, therefore, that the plug should be rotated, and 
it is to accomplish this at extremely high pressures that the ap- 
paratus which is the subject of my paper was designed. _ 

An examination of Fig. 385, which represents this apparatus, 
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will show that the plug will rotate freely, even should the plate 
bearing downward on the ball bearing be sprung to one side or 
the other by the pressure acting on the plug, because the ball- 
bearing is free to travel to any position on the hardened steel 
plate, marked £, and it will come to a position which will bring it 
directly in line with the plug. It is to accomplish this that the 
ball bearing was made open at the top instead of enclosing the 
balls in a collar bearing. 

In the first apparatus described by Professor Carpenter then 
does not appear to be any means of rotating the plug, and if this 
is not done the results will be affected by the error due to fric- 
tion. In the second apparatus the plug is rotated to a limited 
extent by means of a rod moved by the hand of the operator 
when weighing the steam pressure, and I should think there would 
be a liability of affecting the readings of the scale beam unless 
great care and skill were employed. 

In the weight apparatus which we use for measuring ordinary 
pressures, the inertia of the weights keeps the plug revolving dur- 
ing the time in which the reading of pressure is taken, so that 
there can be no error due to carelessness on the part of the 
operator in rotating the plug. In the apparatus which is the 
subject of the present paper the pressure of the hand of the 
operator on the fly-wheel will not affect the readings because it — 
will not alter the force acting downward on the base, which is 


the force recorded on the scale beam. 
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DCCXLVI.* 


ELECTRICAL POWER-EQUIPMENT FOR GENERAL 
FACTORY PURPOSES. 


BY DUGALD C. JACKSON, MADISON, WIS. 


(Member of the Scciety.) 


_ SrveRAL months ago I read a paper before the Western So- 

ciety of Engineers on “ The Equipment of Manufacturing Estab- 
lishments with Electric Motors and Electric Power Distribu- 
tion,” which may be found complete in the journal of that 
society for December, 1896, page 807. The discussion on Pro- 
fessor Benjamin’s paper on the “Friction Horse-Power in 
Factories” at our New York meeting last December + showed 
the large amount of interest which is now being generally taken 
in this important question relating to shop economies, and I 
have been requested to discuss it in a paper before the American 
Society of Mechanical Engineers. While I must of course re- 
peat the views which I have heretofore gxpressed, additional 
matter which seems particularly pertinent to the subject is 
added in this paper. 

When electric motors were first proposed for service on trav- 
elling cranes their use encountered great opposition upon va- 
rious scores, but they have gradually secured a firm hold— 
at first only-in situations specially difficult for other types of 
transmission, and finally in all kinds of general crane service— 
until the square shaft and running rope are no longer consid- 
ered satisfactory power transmitters in crane service, and elec- 
tric motors have little competition except in certain special - 
classes of work. 

A perfectly natural extension of the electric power-service, 
in shops equipped with electric power-circuits for cranes, gradu- 
ally came about, and stationary motors furnishing power in 
isolated corners or places difficult to reach by the usual 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Volume XVIII. of the Transactions. 
+ Transactions A. 8. M. E., vol. yviii., p. 228, No. 712. 
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methods of power transmission, became no unusual sight, 
Motors also gradually came to be used in places where small 
units of power could be applied temporarily with advantage, as 
in fitting and finishing. 

This gradual growth has brought us to a time when many 
large establishments find it of actual advantage to throw away— 
and are throwing away—not only old style power-transmitting 
machinery for cranes, but the entire power-transmitting equip- 
ment of their factories, and to replace it with new electrical 
power-equipment for supplying power to be used in the general 
purposes of manufacturing ; while in a remarkable proportion of 
new establishments main shafts are unknown from the start, their 
place being taken by inconspicuous and inexpensive electric wires. 
The present conditions fulfil many of the predictions made five or 
more years ago by enthusiastic manufacturers of electrical ma- 
chinery, which were then looked upon amongst conservative 
manufacturers and engineers, with few exceptions, as over-san- 
guine oreven visionary. The overwhelming unanimity of favor- 
able opinion which is now shown by those who have had a real 
experience in the use of electrical power-equipment for general 
power purposes in manufacturing establishments, will even sur- 
prise some of the electrical profession who have not kept 
account of this development. While I have been willing to 
accept to a certain extent the theoretical deductions upon the 
question, of which many have been so fond, I have endeavored 
for several years past to keep records of actual results with elec- 
trical factory equipments for the purpose of getting at the real 
facts. In this paper I purpose to give a summary of the more 
recent results, and to give at the same time a résumé of the views 
held in a number of the great manufacturing establishments 
where experience has been had with electrical transmission and 
distribution. of power. In a considerable proportion of these 
establishments electric power-transmission has been used side 
by side with the mechanical transmission of power from the 
prime mover to the operating machinery. It is to be under- 
stood that I deal specially with the conditions which exist in 
establishments owning and operating their own complete and 
independent power plant, and, moreover, that I have excluded 
from consideration all data relating to electric transmission- 
plants in the manufacturing establishments cf the electrical 
companies. There are half a dozen such plants, several of 
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_which are very large, from which ‘excellent results have been 
obtained, but these must lie under the suspicion of being 
“show plants.” I have therefore confined myself to the results 
obtained in plants which are entirely independent of the elec- 
trical manufacturing industries. 

Before entering further into the subject, let me present typi- 
cal lists of manufacturing concerns which are using electrical ap- 
paratus in place of shafts and belts. Some of these are using 
electric wires to carry all of their power from the engine room 
to the poiut of use, while others are in a transition or experi- 
mental stage, and are using main shafts and belts to transmit a 
portion of their power and electric wires to carry the remainder. 
In nearly every establishment which has a plant in the latter 
stage, the service by electricity is being increased and the shaft 
and belt transmission is being curtailed. 

I submit a typical list of ten concerns owning plants with 
over 500 horse-power capacity in electric motors in their power 
equipments : 

Ohio Steel Company. 

Johnson Company. 

Carnegie Steel Company. 

Apollo Iron and Steel Company. 

Cambria Iron Company. 

A. & P. Roberts Company. 

Baldwin Locomotive Works. 

Westinghouse Machine Company. 

Whitman & Barnes. 

Silver Springs Bleaching and Dyeing Company. 

Several of the plants included in this list are using over 
1,000 horse-power in capacity of electric motors. 

It will be noticed that this list is largely made up of concerns 
in the iron and steel industries, and which consequently manu- 
facture a heavy and bulky product. That the majority of the 
list is made up of such concerns is partly due to the large 
amounts of power required by these industries and partly to 
the fact that product of the character concerned does not lend 
itself to convenient or economical handling in the shop when 
_ the common methods of power distribution are used, while 
electrical power-devices allow the disposition to be made in the 
shop which will give the most convenient and economical hand- 
ling of the product while it is passing through the processes of 
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manufacture. Electrical power-arrangements are equally con- 
venient and efficient whatever may be the shop arrangement, 
and they lend themselves to many desirable shop arrangements 
which cannot be approximated where the old style inflexible 
systems of distribution are in use. The electric motor and the 
electric wire may be used just as efficiently under the conditions 
required for economical handling of the work in a steel mill or 
locomotive works as in an agricultural works, a spinning mill, a 
wholesale drug factory, a printing establishment, or a general 
manufacturing establishment. 

The list given above might be considerably enlarged ; and if 
we included establishments which have thrown aside their old 
power arrangements for the purpose of taking advantage of 
electrical power generated at a more or less distant water- 
power, the list could be greatly extended. 

The following is a typical list of ten concerns owning plants 
with from 100 to 500 horse-power capacity in electric motors 
in their power equipments: 

. Wells & French Company, cars, etc., Chicago. 

Crane & Breed Manufacturing Company, supplies, Cincinnati. 

Deering Harvester Company, agricultural machinery, Chicago, 

National Cash Register Company, cash regisiers, etc., Dayton. 

Wm. Wharton, Jr., & Co., street railway track, Philadelphia. 

Brooks Locomotive Works, locomotives, Dunkirk. 

Parry Manufacturing Company, carriages, ete , Indianapolis. 

Aultman & Taylor Machinery Company, boilers, Mansfield. 

Parke, Davis & Co., manufacturing druggists, Detroit. 

Stanley Works, hardware, New Britain. 

This list, which includes only concerns of general reputation, 
I have chosen in order to illustrate the wide range of products 
which are manufactured by electrically driven machinery. The 
list could be readily increased in length to a degree which I am 
sure would quite astonish nearly all who listen to this paper. 

Let me add that in each concern represented on the list the 

electrical apparatus is used for general power service in the 

establishment (i.e, it is not confined to any peculiar branch of 
the power service, such, for instance, as crane service). 

I might extend my lists in number by giving separate lists of — 
concerns in typical industries, such as printing and publishing 
establishments, iron industries, car shops, agricultural works, 
etc. ; but what has preceded will doubtless give a sufficient view 


i 


ELECTRICAL POWER-EQUIPMENT FOR FACTORY PURPOSES. 1051 


of the quite wide-spread use of electric power for general factory 
purposes, and I will pass at once to the results which have been 
derived from electrical shop-transmissions where they have been 
in use. 

The points to be considered in a comparison between me- 
chanical and electrical distribution of power in manufacturing 
establishments by which the advantages of one or the other are 
to be determined are: 

A. Comparative first cost. 

2. Comparative operating advantages, determined from expe- 
rience derived from actual service. 

1. Annual expense for fuel. 

2. Annual expense for attendance. 

3. Annnal expense for repairs. 

4. Frequency and duration of breakdowns, and extent of 
the whole plant which is likely to be affected by a failure 
of any part. 

5. Convenience, as it affects the extent of floor space occu- 
pied by machinery. 

6. Convenience, as it affects the handling of product at the 
machines and to or from the machines, and the amount of 
product put through the machines. 

7. Safety. 

8. Cleanliness. 

I will take these points up in their order. 


-A-—COMPARATIVE FIRST COST OF ELECTRICAL AND OF MECHANICAL 
TRANSMISSION. 


In the Case of a New Establishment.—The first cost of electrical 
transmission within the confines of a manufacturing establish- 
ment which has its own independent and complete power plant 
is nearly always considerably greater than the first cost of me- 
chanical transmission, such as by gears and shafting, belts and 
shafting, or ropes and shafting. In each case the steam plant is 
required. In the electrical equipment the required parts, in 
addition to steam plant, are electrical generators, electrical 
wiring, electric motors. These are considerably more costly 
under ordinary conditions than belts and shafts or other me- 
chanical transmitters, even if we acknowledge an advantage in 
the efficiency of the electrical plant which permits a reduction 
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of the total capacity of the steam plant when electrical trans- 
mission is used. 

- The electrical equipment being, under ordinary conditions, 
more costly, it must make sufficient annual savings to pay a profit 
on its extra first cost, or it has no reason for its existence. 

In the Case of an Established Concern.—The considerations of 
the last paragraph apply with extreme force in the case of a pro- 
posed change from mechanical to electrical transmission in an 
established concern, as such a change means, at the best, the 
abandonment of much operative transmission machinery. In 
some cases special considerations may enter, as is shown later. 

The possible savings are discussed below under the respec- 
tive headings belonging to the following divisions of 


B.—COMPARATIVE OPERATING ADVANTAGES. 


land 2. Annual Expense for Fuel and Attendance.—The fol- 
lowing quotation from an editorial item which appeared in one of 
the technical journals nearly two years ago, puts the argument 
upon these points which favors electrical power: 

“It is perfectly clear that Messrs. have derived to the 
fullest extent the great advantages offered by electric transmis- 
sion; they have saved valuable spaces formerly occupied by 

* steam engines, and they have abolished to a great extent the 
losses due to mechanical transmission. The concentration of the 
whole of the steam plant in one compact space has led to great 
saving in labor, the majority of the men who formerly attended 
to the scattered steam plant being drafted into other work. It 
should also be pointed out that large compound and condens- 
ing engines are used with consequent economy. The central 

' station which supplies the power has a capacity of 1,500 horse- 

power. 

“ At the mills there will doubtless be a gradual but 
complete abandonment of isolated steam plants, for the pro- 
prietors are completely alive to the manifold advantages of con- 
centrating steam raisers. It is yet too early to expect detailed 
costs of working, but there appears to be the greatest satisfac- 
tion with the general performance of the electric machinery, and 
a settled conviction that it is the only system which can effi- 
ciently supply power to scattered buildings.” 

This argument seems to be well supported by experience 
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in great manufacturing establishments where hundreds or even 
thousands of horse-power must be distributed over a consider- 
able area. In the establishments of less magnitude, such, for 
instance, as use not exceeding 250 horse-power, it is question- 
‘able whether any very large fuel saving can be shown by the 
electrical plant under ordinary conditions, and certainly no 
appreciable labor saving can be shown in the power plant. 
These deductions are supported by reference to the experience 
of a considerable number of inanufacturing establishments, the 
names of which are in most cases synonymous with success. I 
regret that I have not been able to make tests on any plant by 
which I could directly and exactly determine the saving in idle- — 
power losses which is effected by changing from shaft and belt 
to electric transmission. I have many records of the loss in 
power caused by shafts and belts, and several manufacturers 
have been good enough to give me records of idle losses in their 
electrical transmissions. A comparison of the records bears 
out the ordinary contention, which has a firm inductive founda- 
tion, that the idle losses are very much less with electrical 
transmissions. This gives the latter a decided advantage over 
main shafts and belts, on the score of. economy, when a shop is 
run with portions shut down. 

3 and 4. Annual Expense for Repairs, and Frequency and 
Extent of Failures.—Experience upon the relative expense for 
repairs upon electrical and mechanical transmission, and the 
relative extent and duration of breakdowns occurring with the 
two systems of transmission, is remarkably favorable to the elec- 
trical transmission. 

Summing up the general opinion in regard to the above four 
points which is held in manufacturing establishments which are 
using electric power, it is safe to say that there is an over- 
whelming feeling in favor of the use of electrical transmission 
in preference to the various forms of mechanical transmission 
on the combined score of economy of operation and a reduced 
annoyance and expense though delays caused by failure of 
transmission apparatus. 

This statement is based upon information which I have 
obtained from tests or which has been given me, directly or 
through correspondence, by a very considerable number of 
establishments. Quotations taken from my correspondence to 
show the feeling of experienced users of electric power are 
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given in my original paper, my choice of letters from which to 
make quotations being determined by the extent of the electrical 
experience upon which information given me was founded and 
the fulness of the information, but I will omit the quotations 
here. Few establishments have records from which comparative 
figures can be obtained, and those which have such figures are 
seldom willing to have them publicly quoted, but the quotations 
which I made show, in a general way, the results which have 


been obtained. In nearly every case for which I have exact 


figures a sufficient direct saving is shown to be effected by the 
electrical transmission to make large returns on its greater first 


cost. 


5 and 6. Convenience.—Omitting quotations and summing up 
in regard to points 5 and 6, as before, it is the nearly universal 
experience in establishments turning out a product of bulky or 
heavy articles that the electrical equipment adds materially to 
the shop efficiency, a result which seems to be principally due 
to the convenience which it lends to the arrangement of tools 
and handling the work from overhead ; this not only saves time * 
in itself, but it also leads the workmen to give better service. 
In establishments where the product is in small articles, and 
articles which must be handled in a fixed manner and where. 
cleanliness is important, the electrical equipment adds to the 


‘ shop efficiency more largely through cleanliness. The latter 


may be a matter of much importance, but ordinarily it is less 
important than is the question of convenience to the manu- 
facturer of heavy or bulky articles. The floor space which can 
be saved by the use of electrical transmission through a better 
arrangement of machinery is also much greater in the case of 
establishments turning out bulky or heavy articles. 

7. Safety.—The superior position of the electrical transmis- 
sion with respect to the safety of workmen is evident, and it is 
not advisable to prolong this paper by entering into a discus- 
sion of it here. In regard to the question of fire risk, it is 
general experience that an electrical plant properly installed is 
perfectly safe. 

8. Cleanliness.—This point has been sufficiently touched upon 
just above. 

The experience taken as a whole in all the establishments 
from which I have been fortunate enough to receive informa- 


tion shows that for plants using not less than 100 horse-power the 
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electrical transmission is so much more satisfactory and economical 
that it is a misfortune for a new manufacturing plant, except under 
very exceptional conditions, to be constructed with any type of trans- 
mission except the electric. It is to be understood that the electric 
equipment should be such that crane motors can be operated 


from the generators and transmission wires which are laid down 


for the regular factory power distribution, and, for the best 


- results, the generator should also be adapted to the purpose of 


factory lighting. These conditions are fulfilled by either a 220- 
volt continuous-current system, using compound-wound genera- 
tors, or by a properly designed polyphase alternating-current 
system. In the average manufacturing establishment the former 
seems to promise the best results, though more experience with 
the latter may prove it to give equally satisfactory results. The 
220-volt continuous-current plant allows the use of 220-volt 
incandescent lamps connected directly between the positive and 
negative transmission wires, or arc lamps may be used insets 
of four. 

The status of electrical transmission in plants already built 
and equipped with mechanical transmission is more complex. 
Establishments which turn out heavy products, such as locomo- 
tive works, engine works, boiler works, machine-tool works, 
iron mills, ete., profit so much by electrical cranes that an 
electric plant is an invaluable accessory. It is then a natural 
step to do away with countershafts and belts running to the 
larger tools, which may be equipped for driving by electric 
motors and placed in more convenient positions with reference 
to handling the product. This change commonly results in a 
large reduction of the cost of manufacturing, and if carried out 
with caution and judgment is invariably satisfactory. A some- 
what similar condition exists in establishments which turn out 
a bulky product, such as agricultural works, carriage works, etc. 
The convenient arrangement of machinery which may be gained 
by using electric motors adds materially to the product that 
can be put through such a shop, or largely reduces the trans- 
mission losses caused by quarter-turn belts, bevel gearing, ete. 
In the case of a plant of this type, upon which careful and com- 
plete tests have lately been made by two of my students, it is 
shown that the actual saving of power, attendance, and repairs 
now lost in great quarter-turn belts and other features usual in 
the mechanical transmission system of a somewhat scattered 
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agricultural works, would nearly pay the annual sum necessary 
to cause a change of the old system into an electrical system to 
be profitable ; while additional convenience in the location of 
tools, immunity from expensive stoppages due to injured belts, 
etc., and the advantages of satisfactory illumination gained from 
the power generator would give a large margin of profit upon the 
expense of putiing in the electrical plant. Establishments 
which turn out a lighter and less bulky product gain less in - 
convenience from the electric power, but there are numerous 
industries in which the cleanliness resulting from the suppres- 
sion of shafts and belts is of the greatest moment. In these 
the electrical transmission may be made a great money saver, as 
is shown by the experience of its users. 

There are many special conditions which make the adoption 
of electrical transmission of advantage in established industries 
where otherwis? it would not pay to incur the expense involved 
in a change from an established mechanical transmission to a 
new electrical transmission. Thus, for instance, when an iso- 
lated building is located at some distance from the main build- 
ing of the plant, the expense of operating a separate steam 
plant in that building, or of conveying power to the building by 
piping steam from the main plant, or by means of mechanical 
transmission, is often several times as great as the total annual 
cost of a complete electrical plant to be used for the purpose. 
In the total annual cost I include interest and depreciation, as 
well as fuel, attendance, and repairs. A number of cases of this 
kind have fallen under my observation. 

Another case, in which the same result obtains, came under 
my observation recently. Here the establishment was a large 
one, with considerable transmission losses (equal to nearly 
70 per cent. of the average useful load), and a considerable 
economy in fuel, attendance, and repairs would be effected by 
replacing the mechanical by an electrical transmission. The 
large expense involved justly deterred the proprietors of the 
plant from entering upon the change. The prime-power plant 
of the establishment is now found to be too small to carry the 
maximum load of the plant with late additions, while the re- 
duced percentage of loss, incident in this case to the electrical 
transmission, would enable the engines to carry the load satis- 
factorily. The complete cost of a change to the electrical trans- 
mission is not greatly in excess of the cost which would be 
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required in making the changes in the power plant which would 
be required for the purpose of adding an engine. These condi- 
tions being fully considered, and charging the excess cost, only, 
to the electrical transmission, the latter would make an annual 
saving in the cost of operating the works which would well 
repay for its installation. The electrical plant is here placed 
upon a basis which is quite near its position with respect to 
new establishments. 


It is unnecessary to multiply similar instances, but I will 
summarize the entire question as follows : 

1. In constructing new manufacturing plants, the extra first 
cost of a complete system of electrical transmission for the works 
is negligibly small (except under exceptionable circumstances) 
compared with the annual saving effected by its means when its 
advantages are properly utilized. 

2. In certain industries the advantages of electrical transmis- 
sion outweigh the first cost of making a change from mechanical 
to electiical transmission in established plants, while in many 
plants where this condition would not commonly exist the ar- 
rangement of buildings or the growth of the plant is frequently 
of a character with reference to the prime power-plant which 
places electrical transmission upon an advantageous footing, 
either as an auxiliary to the main transmission or as a rival to 
the existing mechanical transmission. 

There is one more important question which affects electrical 
transmission alone. That is the question of the subdivision of 
power at the machinery. Briefly, the following seems to be the 
general consensus of opinion amongst those who have operated 
plants with electrical power. All large tools or machines, such 
as use from five to seven and one-half horse-power and over, 
should be supplied with individual motors, while smaller tools 
or machines requiring less power should be grouped and driven 
from motor-driven shafts. These groups should ordinarily be 
arranged so that a motor of not less than from three to five 
horse-power capacity is required, and not more than from ten 
to fifteen horse-power. The grouping of tools, the subdivision 
of power, and the manner of delivering power of motors to driven 
machinery, it may here be said, is a matter which can be given 
only the most general treatment as a whole, as each industry 

includes conditions of its own which must be taken into the 
count. Observation indicates that some manufacturers who are 
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using electrical power failed to weigh carefully the question of 
its subdivision when preparing to install their plant, and have 
thereby lost much of the advantage which may be derived from 
the electrical transmission. 

I want, in conclusion, to express my thanks to those amo 
the Society who have been so kind as to give me data or informa- 
tion. The subject is so intimately bound up with the question 
of shop economy that it is a very live one for manufacturers, and 
it is not yet exhausted of novel results ; and I propose by another: 
year, if possible, to gather from the records of certain plants 
which are more or less typical, and from which I may be able — 
to derive the information, more exact data relating to the econo- 
mies due to electrical power in manufacturing plants. In gath- 
ering together the data which form the foundation of this paper 
I was forced to extend my information by resort to correspond- 
ence, and in some cases did not receive much assistance. One 


_ of my most interesting letters, which came from a prominent 


manufacturing concern, contains the following reply to a request 
for information regarding the comparative expense and general 
advantages of shaft and belt or electrical transmission as de- 
duced from the experience of the concern : 

“Tn these days of active competition we do not feel it is wise 
to make public the savings or advantages derived by introduc- 
ing various economies.” 

- Ihave not been able to decide from this whether the expe- 
rience of the writer of the letter has been favorable or unfavor- 
able. to electrical transmission. As a whole, however, my cor- 


_ respondence showed a unanimity of experience in favor of the 


electrical plant that is quite remarkable. It is to be distinctly 
remembered that I have dealt solely with the comparative 
advantages of transmitting agents operated by the same prime 
mover. Wherever electrical methods allow advantage to be 
taken simultaneously of the economies shown by experience to lie 
in the electrical distribution of power, and the economy due to 
the substitution of a water-power, more or less distant, as prime 
agent, in place of a steam plant which is more expensive to 
operate, the electrical plant must prove a boon indeed to mant- 
facturers. 
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DISOUSSION. 


Prof. Chas. H. Benjamin.—Professor Jackson and myself seem 
to have been browsing in the same woods without either know- 
ing of the other’s presence. 

In view of this it is encouraging that we should have reached 
conclusions so nearly identical in regard to the most essential 


points, and I am glad to note that his correspondence with such 


a number of manufacturers has confirmed the results reached 
by an entirely different means of investigation. 

It seems to me that the nature of the work done in a shop 
and the general arrangement of the machinery and buildings 
determine the advisability of electric transmission to a greater. 
extent than the amount of power used. 

I can think of firms using less than fifty horse-power where 
the introduction of electricity would be profitable, and of others 
using several hundred horse-power where it would not. | 

I believe also that on many machines individual motors as 
small as two or even one horse-power can be used to advan- 
tage, and that we do not realize the full benefits of electrical 
transmission until we get rid of shafting to the greatest extent 
possible. 

When a change from mechanical to electrical transmission 
would involve a large expense, the-transition can be made grad- 
ually. Let it be resolved to use electricity in all extensions or 
wherever changes are made in the plant, and in the course of a 
few years the problem will have solved itself. 

Mr. George I. Rockwood.—As a member has remarked on the 
silence of those who favor belt transmission instead of electri- 
cal transmission for general factory purposes, I am sure it is 
time something was said on the at present unpopular side of 
this question. In the first place, I wish to say that I admire the , 
degree of mechanical excellence and efficiency attained by up- 
to-date electrical transmissions as much as anybody else does. 
Nor do I question the mechanical possibility of using electrical 


transmissions for nearly all places and purposes which other 


methods of transmitting power have heretofore satisfied. Hith- 
erto the electrical enthusiast has confined his energies to sub- 
stantiating what I have just admitted by exhibiting all kinds of 


machinery i in all sorts of places in connection with a motor and ~ 
electric wire. 
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But the electrician is now adopting another course. Having 
proved the mechanical possibilities of electrical transmissions, 
he now assumes that no other kind of transmission will do here- 
after excepting the kind he is interested in. A wave of electri- 
cal enthusiasm has swept over the world. The feeling is that 
anything that can possibly be done electrically must forthwith 
be done electrically, regardless of cost ! 

My feeling is that power transmission is a many-sided subject, 
that electrical transmission, being generally the most expensive 
to install of all methods and frequently being the most expen- 
sive to operate per unit of power produced, especially in the 
smaller instailations—my feeling is that electrical transmission 
of power is not of that universal importance which promoters 
would have us believe it to be. For some places electricity has 
collateral advantages which warrant its choice, but in other 
places its use is quite as likely to be accompanied with in- 
creased cost of attendance. I have seen some large installa- 
tions of electrical power transmissions which were handling 
machinery for making wire. They worked fairly well. But the 
enormous cost of the outfit and repairs and wasted time owing 
to shut-downs have operated to place two such companies in 
the hands of receivers. Perhaps these installations could have 
been made more cheaply by some one else, as I have no doubt 
they could have been; but the point is that shafting and belt 
transmissions are and have been doing this work very well in 
the past, and why should one abandon them for the expenenay 
and uncertain electrical drive? 

I take issue with Mr. Jackson when he cites on page 1051 several 
advantages of electrical transmissions. He quotes eight points 
of advantage. All but two of these considerations are opposed 
to the electrical method. I think that considerations Number 5 
and Number 6 are oftentimes sufficient excuses for the adoption 
of electricity. The other six points are generally far more 
likely to compel its rejection in favor of belts or ropes and 
shafting. 

Mr. George R. Stetson.—In order to continue the consistency 
of my position of last year—TI believe I was coupled up with my 
friend who has just spoken—that it was well to go slow in this 
matter of changing, I can hardly see why the conditions have 
not got to be judged individually. In the case of the smaller 
tools and the manufacture of the lighter work I can hardly con- 
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ceive how electricity can be applied. I know that in a manu- 
factory with which I have been connected, employing approxi- 
mately 350 men and with more than a thousand machines using 
less than a hundred horse-power—I do not see how you could 
subdivide electricity to work with the economy which was being 
obtained by the other method. Inthe company with which I am 
at present we own something over 100 motors and let them. 
They are distributed over an area of more than 4 square mile, 
and there is no question, if any gentleman here should come to 
my town and ask what he should do as regards the installation 
of power for any plant up to 25 horse-power, I should say that 
he better hire it of us, and I should try to convince him that 
that was a fact. There is an important field where electrical 
work is used also in furnishing power to people using three to 
five horse-power at a rate which competes quite favorably with 
the manufacturers who have to use 100 horse-power or less 
and pay an engineer and cannot use coal economically. I sup- 
pose that it might be considered as settled that the transmis- 
sion over an area something like the Schenectady Works, where 
they cover a number of acres and have a number of different 
shops, ought to be by means of an electric plant. There you 
can install a larger engine which would work with a larger 
economy and transmit to the different shops, saving the time of 
your fireman and engineer at those shops, and there the prob- 
lem would probably be settled in favor of one large installation. 
But when you come to the smaller manufacturers, where they- 
are cutting their power into very small units, it is a question 
where, it seems to me, it is entirely on the other side, and that it 
would be impossible to do that work electrically in an economi- 
cal way. I believe that the belts and rope-drives will run for some 
time on that sort of work. I have been surprised to see how 
much work can be done with a four or five horse-power motor in 
an ordinary machine shop. A year ago there was a boiler explo- 
sion in our city, and quite a large machine shop was thrown out 
of commission on that account, and I installed a 74 horse-power 
motor directly on their shaft, they losing only one day’s time 
for the installation of the motor. They were employing 12 or 15 
men, and had some quite heavy tools. It is a very large tool 
that takes a five horse-power motor to do its work. I believe 
there are two things which might be considered settled now; 
one is the condition that prevails in Schenectady. I do not 
68 
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doubt but that their decision is correct. The Waltham watch 
factory will probably live quite a number of years before they 
have an electric installation at the end of every machine. Be- 
tween those two points practice will oscillate. 

Mr. Dugald C. Jackson.*—This discussion requires but little 
reply, as the points raised are already covered with reasonable 
completeness in the paper. I do not agree with Professor Ben. . 
jamin that each manufacturer should attempt to make a gradual 
change to electrical power. Unless such achange is made under 
proper advice and with a continued view to the successful work- 
ing of the final whole, the result may be very unsatisfactory. 
When carried out in the proper manner, however, the change 
almost always results in decided advantage. 

A complete- reply to Mr. Rockwood’s remarks rests in the 
facts of experience. The question under discussion is no longer 
in the hands of “ electrical enthusiasts,” but has passed into the 
realms of tried practice. Actual experience in numerous estab- 
lishments has shown that each of the requirements for shop- 
power distributions which are cited on page 1051 are fulfilled 
satisfactorily by the electrical power, the last four to an extent 
unthought of with mechanical transmissions, and the first four to 
an extent which equals or betters the performance of the me- 
chanical methods. This is the simple record of experience, a 
small portion of which is set forth in the paper. The answer 
to the question of established industries—Will the increased 
investment pay ?—depends on local conditions. In a plant about 
to be established there can now be little doubt. 


* Author’s closure, under the Ruies. 
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DCCXLVIL.* 


TOPICAL DISCUSSIONS AND NOTES OF EXPE. 
RIENCE. 


No. 747—133. 


Steam distribution at early cut-off. 


Mr. E. J. Armstrong.—For several years past the writer has 
had somewhat exceptional opportunity to note the economical 
performance—as shown upon the test floor—of a line of simple 
high-speed automatic engines ranging from 9 to 21 inches in cyl- 
inder diameter, and from 10 to 18 inches stroke. A constant 
reaching after better results has developed and proved to his 
satisfaction that the steam distribution usual in this type of engine 
is capable of some improvement. All engines of this class with 
which the writer is acquainted, carry their initial pressure as 
nearly to boiler pressure as they can, throughout their entire 
range, from no load to latest cut-off, and as evidence of the 
importance generally ascribed to this feature, so good an authority 
as Mr. F. H. Ball, in the closing sentence of a paper presented at 
the last meeting of this society, maintained that the prevention 
of wire-drawing at early points of cut-off is a matter of too great 
importance to be neglected, even for the sake of considerable sav- 
ing in cost. Judging merely by the indicator cards it must be 
admitted that this would seem true, but the accumulated evidence 
of actual duty trials forces a quite different conclusion. One of 
the first points noted by the writer, when beginning the series of 
tests referred to, was the fact that the duty curves made at differ- 
ent boiler pressures from a particular engine, always crossed each 
other when plotted upon the same sheet (Fig. 388) ; that is, the 
actual water consumption per horse-power was always lower at 
say 80 pounds ‘boiler pressure than it was at 100 pounds, up to a 
certain load where they became equal ; at larger loads the higher 
pressure being, of course, the more economical. It may be well 


* Presented at the Hartford meeting (May, 1897) of the American Society of 
Mechanical Engineers, and forming part of Velume XVIII, of the 7ransactions. 
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to state that this might not be well shown with curves plotted in 
the usual way, but if the Willans curve is employed, plotting 
total water per hour instead of water per horse-power per hour, . 
this crossing of the lines and many other questions are made 
more clear. The first suggestion was that leakage was taking place, 
and after this had been proven not to be the reason, cylinder 
condensation seemed to explain it. It was noticed that although 
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Fie, 388. 


the point where the curves crossed was at a considerable load— 
something like one-third of the rated power of the engine, and 
later in a small than in a large engine—yet the lower curve came 
back up to the higher at friction load. This seemed to be ac- 
counted for by the fact that the friction cards were much alike at 
the different pressures, the compression being about equal to the 
higher boiler pressure in both cases, so that the temperature 
range was about the same. Further experiment showed that a 
friction card with a lower initial pressure gave a lower water 
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rate, and by degrees it became apparent that for loads less than 
at the point where the curves crossed, the best steam distribution 
would be the same for all boiler pressures. The theory was then 
evolved that for any particular engine there is a curve which may 
be described most easily by assuming that the engine was tested at 
several loads with various initial pressures. Then for each load 
there would be found a certain initial pressure which would carry 
that particular load with better economy than either a higher or 
lower initial pressure. Superimposing the cards obtained at the 
various loads and most advantageous pressures and drawing a 
curve through the points of cut-off, would produce a diagram 
which may be represented by Fig. 389. Then the total range of the 
engine from friction to maximum load would be most economically 


BOILER PRESSURE 


Fie. 390. 


eovered by the steam distribution indicated in Fig. 390. This the- 
ory is so plausible that it may be misleading. Really the curve 
shown in Fig. 388 can hardly be represented by aline. Any point 
on the line would have to be found as the lowest point in a rather 
flat curve; and a belt or zone as shown in Fig. 391, and within 
which the point of cut-off should lie, would be more practical. No 
great difficulty was experienced in obtaining the desired steam 
distribution with a single valve, as evidenced by Fig. 391, in which 
the cards are from actual practice ; and it was of course accom- 
plished by making the lead negative at early cut-off, the good 
results at light loads being at once apparent. The more nearly 
constant compression brought about by this change permits 
smaller clearance, and this, in turn, brings about later exhaust 
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|| closure. Another complicating feature is that there seems to be 
Wy a relation in some way between the point of exhaust closure and 
| the effect of entrained water upon economy. At any rate, with 
| reduced initial pressure, the tests became more reliable in the 
i sense that they could be more closely duplicated, and the bad 
i effect of entrained water became less. Of course the wire-draw- 
Me ing would have some effect to dry the steam, and this probably 
accounts for a portion of the difference, but hardly for all of it; 
getting the water out of the cylinder more effectively seems to be 
a factor. This bad effect of water at light loads is very perplex- 
ing as well as serious. The writer has not been able to discover 
that entrained water, in any usual quantity, has any effect upon 

| the economy of a high-speed engine working at one-quarter cut- 
Hi off or later ; but at light loads, and particularly with early exhaust 


| closure and high compression, the bad effect is very marked. 
| Under such conditions he has noted an increase in steam con- 
‘sumption as high as eight times the actual amount of water in- 
troduced. Perhaps the reason for this may be that the water 
is swept out of the cylinder each stroke by the more energetic 
exhaust of large loads, and accumulates from stroke to stroke 
with light loads, when the exhaust is light and the exhaust closure 
early. If so, does this water receive heat from the incoming 
steam, and give it out again to the exhaust? If the accumulated 
water is blown into spray by the inrushing steam it would seem 
possible that this might result—else how could such increased 
water consumption be caused by it? This bad effect of entrained 
_ water complicates the predicting of water rates at light loads very 
greatly and also makes it very difficult to obtain consistent results 
in making comparative tests. The writer has known the friction 
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water rate of a 100 horse-power engine to be lowered nearly 10 per 
cent. by slightly opening a valve draining the steam chest. The 
water so allowed to dribble out not being one-sixth of the total 
saving. In view of the general complexity of the problem the. 
writer does not feel able to place before the Society any tests or 
other exact data, for no single test seems of much value in this 
problem ; neither does it seem best to attempt to give an idea of | 
the amount of saving to be derived. To carry out the scheme 
properly involves many other changes, which all have a good 
effect, perhaps greater than change in initial pressure. 

What experience can the members present in discussion upon 
this subject ? 


No. 747—134. 
Tests of the efficiency of the bicycle. 


Mr. Jno. G. D. Mack.—The writer has had opportunity, during 
his professional work, to make a somewhat extended series of 
experiments upon the bicycle as a machine, and aims to present 
in the present paper a preliminary report of the investigation. 
While much of this information, and in a very much more ex- 
tended scale, is in the possession of the best manufacturers, yet 
the fact that it is for such persons a species of proprietary knowl- 
edge renders it difficult or unwise for them to make it public, and 
for these reasons the literature of engineering contains very little 

. published material on these questions. 

It would be interesting to look briefly. at the bicycle as a 
machine, for the past fifteen years have brought many and great 
changes in its design. The early 80's saw the advent of the high 
wheel, known as the ordinary, but the modern wheel has almost 
nothing of the old wheel except the features which gave it a foot- 
hold upon existence, which were its rubber tires and its ball bear- 
ings. The first safeties often weighed from sixty to seventy-five 
pounds and their sprockets and chains were similar to those used 
on agricultural implements; but the process of evolution and 
survival has left little to be desired from-many points of view, 
since the weight has been reduced until further reduction seems 
unnecessary, and the strength and durability, which allow great 
speed with small effort, are realizations of the dreams of the old 
riders. 


In the present article, the total efficiency of the bicycle will be 
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treated, together with the experimental results on the efficiency 
of sprocket wheels of different size, and at another time will be 
given the results of experiments upon chains, tires, size of balls, 
shape and position of ball races, multicycles, speed-gears, and 
methods of driving other than by chain. 

In the experiments on total efficiency a method has been 
adopted which places the bicycle as nearly as possible under 


_ riding conditions, and is illustrated in Fig. 392. 


The apparatus consists of a 10-inch I-beam planed smooth on 
top, and adjusted perfectly level ; a rectangular frame C, as shown. 
in Fig. 392; a pulley P, weights and scales. 

The handle bar is firmly secured so that both wheels shall be 
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in the same plane and the bicycle mounted upon the beam with 
the frame C attached to the seat part. This frame is bound to 
the rear forks, and extends below the beam, having a shelf D 
attached to its lower end, extending in a direction at right angles 
to the beam a distance of 36 inches. 

A load of 150 pounds in Jead is placed upon the shelf D, which 
will maintain the bicycle in an upright position and allow it to 
roll along the beam, which is of sufficient strength to prevent 
measurable flexure. Attached to each end of the rear axle is a 
wire A, these wires being fastened to the ends of a yoke /, from 
the centre of which a horizontal steel music wire runs over the 
pulley 7’, and carries the weight /. 

The pulley P has its efficiency determined for different weights, 
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and a curve plotted, from which the pull on the wire A, necessary 
to raise a known weight J/, may be read directly. 

One of the cranks is set about 10 degrees above the forward 
horizontal position, and a scale pan A suspended from the 
middle of its pedal. Fora distance of nearly 10 degrees on each 
side of the horizontal position of the crank its effective radius 
does not vary one per cent. and may be considered as constant 
during that period of rotation. 

The bicycle has now been transformed into a hoisting machine 
for raising the known weight 1 by a weight applied to the pedal, 
and the method of testing is that commonly employed in testing 
the efficiency of pulley blocks, which admits of accurate measure- 
ment of the different quantities entering the experiment. 

The condition under which the bicycle is placed by this method 
is that of a rider of 150 pounds sitting upright and propelling 
himself by shifting his weight from the saddle to the pedal, the 
equilibrium being maintained in the experiment by shifting the 
weight remaining on J in a direction away from the loaded 
pedal, and as the pedal weight is taken from D, a constant total 
load is maintained on the machine. 

This method is satisfactory in practice, for when raising M/ by 
five pounds, less than one-half ounce added to the pedal weight 
is sufficient to change the bicycle from a condition of balance to 
that of moving forward at an uniform speed. 

All measurements must be made with the greatest care, and 
it is especially necessary that the beam should be level and each 
wheel in perfect balance. The circumference of the tire is deter- 
mined by rolling the bicycle along a smooth track with its load of 
150 pounds, and measuring the distance travelled for one revolu- 
tion, this distance being determined by observing when a fine 
mark upon the tire shall be vertically under the centre of the 
axle, at the beginning and end of the revolution. 

The total efficiency of the bicycle may now be determined as 
follows : 

A = circumference of tire. 

B = circumference of centre of pedal pin. 

R = ratio of large to small sprocket. 

P = weight on pedal. 7 

M = weight on wire divided by efficiency of pulley. 

MRA 


Total efficiency = 
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The results for each wheel are plotted, giving a curve in which 
the ordinates represent per cent. efficiency, and the abscissas the 
gross weight raised at the corresponding efficiency. 

The efficiency curve for bicycle No. 1 is shown +by the full line 
in Fig. 393, No. 1 being a bicycle of 1897 model, having ground 
bearings, and representing the best practice in bicycle construc- 
tion. 

Bicycle No. 2 is a medium grade wheel, and its curve is shown 
in Fig. 393 by the dash line. 


Value of M. 
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Bicycle No. 3, the curve of which is shown by the dot and dash 
line, was purposely selected as being a cheaply constructed wheel, 
having in fact nothing but its low price to recommend it. 

These three curves represent the efficiency of the three bicycles 
by a method which it is believed, when carefully applied, will 
give results of the greatest precision and definitely indicate the 
comparative efficiency of bicycles under the conditions found in 
actual service. 

The weight J of 15 pounds may be roughly taken to represent 
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the effort required to propel a rider of the assumed weight up a 
grade of one foot in twelve. 


S1zE oF SPROCKETS. 


In determining the comparative efficiency of sprockets of 
different size, the bicycle was inverted, and the frame securely 
attached to the floor. 

A method similar to that employed in determining total effi- 
ciency was used. A thin steel band had one end attached to the 
tire, the other end carrying a weight which was raised by the 
band being wound upon the tire, a second weight being hung 
from a scale pan attached to the pedal as in the preceding experi- 
ment, whence the efficiency of the portion of the mechanism trans- 
mitting the power can be calculated as before. 

A long series of readings were taken with the same large 
sprocket with seven, eight, and nine tooth sprockets on the rear, 
and with pedal weights varying from two to fifty pounds. 

The average efficiencies in each case were as follows: 


This shows the 8-tooth to have 98.9 per cent. of the efficiency 
of the 9-tooth, and the 7-tooth to have 96 per cent. of the effi- 
ciency of the 9-tooth sprocket, other conditions being equal. 

In actual service, however, the largest rear sprocket which the 
required gear ratio will allow, is to be preferred, from its better 
wearing qualities due to the smaller chain pressure upon the 
teeth and reduced pressure on the bearings. 

Have any of the members data upon the efficiency of the 
bicycle as a machine? 

Prof. C. Carpenter.—In connection with the interesting 
paper by Mr. Mack, it may be stated that a considerable amount 
of experimenting has been done the past year on the subject of 
bicycle efficiency in the laboratories of Sibley College. The 
method adopted for determining the friction of the chain was 
almost identical with that described by Mr. Mack, but for test- 
ing the bicycle under running conditions an apparatus was 
designed so that the bicycle could be tested when the wheels 
were moving at any speed. The arrangement for the test is 
shown in Fig. 394. The bicycle was driven by power which 
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was measured by a dynamometer A. The power transmitted 
through the machine was measured by a Prony brake, P, con- 
nected to the friction wheel C, which is put in motion by the 
back wheel of the bicycle. The friction of the Prony brake and 
of the wheel ( for different loads and different speeds was de- 
termined accurately by calibrations, and in this way could be 
eliminated from the results. The dynamometer 4 is shown 
quite clearly in Fig. 395; the instrument is of the Morin type, 
is made in Paris, and is accurate for about one-half of one per 
cent. The results of the test are obtained from a diagram 


Fie. 894. 


which is,drawn automatically. By processes of differentiation 
the friction of the main bearings, the chain, the sprockets, and 
the back wheel can be obtained. Any weight whatever may be 
put on the seat post F. The tension on the chain may also be 
measured. 

The results of tests of quite a number of chains are shown in 
the diagram, Fig. 396, from which it is seen that the Morse chain 
gave an efficiency over 99 per cent. in each case, or, as the dia- 
gram shows, had less than 1 per cent. of friction, while all the 
other chains, of which a number were tested, had somewhat 
over 2 per cent. of friction. The Morse chain is interesting 
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since it shows an attempt to use knife edges on hard steel on 
in place of pin joints. 


Our tests with the bicycles have not progressed far snc to 


395. 


give definite results, but sufficient has been done to show that 
the greater portion of the losses in well-made wheels are due 
to the tire, the losses in the tire generally running three or 
four times as great as all other losses combined. 
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Prof. Thos. Gray.—The tests which are given in this paper 
seem to cover a very small part of the field which ought to be un- 
dertaken in connection with the bicycle as a machine. A great 
part of the work which is done in propelling a bicycle, as is 
pointed out by Professor Carpenter, is due to the tire undoubt- 
edly. That will increase with increase of speed, and therefore 
increase of speed tests ought to be made. There is another 
element which I should like to see taken up, and that is the 
amount of work which is expended in racking the frame. Asa 
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rider propelling a bicycle does not give a uniform torque to the 
sprocket of the machine, but pulls up with his hands and pushes 
down with his feet alternately on opposite sides, there is, there- 
fore, a great amount of work done in distorting everything— 
outside of the chain friction, the ball-bearing friction, which 
is practically zero, and the tire friction, which will be propor- 
tional, to some extent, to the speed. 

Prof. John H. Barr—I would like to say a word with regard 
to the results given with the different sizes of sprocket wheels. 
Of course a larger rear sprocket means a less pull on the chain 
and less pressure on the chain pins and the bearings. But 
there is a practical limit here—that is, a limit to the linear ve- 
locity with which the chain can be run quietly and smoothly. 
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This is pretty closely reached, I imagine, with a few: of- the. 
wheels placed on the market this year which have a ten-tooth 
rear sprocket. 

I might say that the apparatus used at Cornell University, to 
which Professor Carpenter referred, is very similar indeed to 
the one which many of us have seen at the works of the Pope 
Manufacturing Company, except that instead of using the Webb 
dynamometer he is using a Morin dynamometer ; beyond that the 
apparatus is identical in principle and very similar in construc- 
tion to the one used by the Pope Manufacturing Company. 

Mr. H. H. Suplee-—In regard to the point brought out by 
Professor Gray about the distortion of the frame, I think that 
is very well illustrated by some experiences had in England. 
An attempt has been made there to build a very light wheel by 
making the frame of bamboo, and while it is very light and 
strong, it is too elastic, and it is found, especially in climbing 
grades or for high-speed work, that the frame yields to the 
efforts of the rider to the extent of absorbing a great deal of the 
useful work. This has led to their general abandonment. 
Doubtless this action takes place to a considerable extent on 
the steel frames, though, of course, not so much as with the 
bamboo. 

Prof. Albert Kingsbury.—lI anticipate that the smaller 
sprocket wheels will, when tested with well-oiled chains, show 
higher efficiencies than the larger ones. Such tests as I have 
made on other kinds of mechanism involving very high pres- 
sures on well-lubricated surfaces at very slow speed, indicate in 
many cases that there is a smaller coefficient of friction at the 
higher pressures. If we decrease the size of the sprocket wheel 
we increase the tension of the chain in a corresponding ratio. 
But if there is a smaller coefficient of friction at the higher 
pressure, then the smaller sprocket wheel ought to give us the 
greater efficiency. 


No. 747—135. 


Note on an old windmill gearing. 


Mr. C. W. Hunt.—The old windmill at Nancucket, Mass., was 
built in 1746—one hundred and fifty-one years ago. It is of 
moderate size, and in a good state of preservation, although it 
‘has not been operated for about twenty years, For about one 
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hundred and thirty years it ran, and only terminated its work 
when modern milling methods made the small local mills unprofit- 
able. The millstones are about 44 feet in diameter, and the runner 
driven directly by the vertical shaft. The engraving (Fig. 397), 


> 


from a hand camera photograph, shows the gear wheels, which 
are typical of all the old types of windmills, both in Holland and 
America. 

The face wheel is about 10 feet pitch diameter, with 6 arms and 
62 teeth, 6 inches pitch. The lantern wheel is about 23 inches 
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in diameter, with 12 rundles, each 3 inches in diameter. The 
tecth in the face wheel are old and well worn, but the rundles in 
the lantern wheel are comparatively new; the injury to them 
shown in the picture was evidently caused a few years ago when 
the mill was started up to entertain tourists. Incompetent 
management soon caused such damage that it was. finally shut 
down. 

The rundles were accurately turned to fit the holes in the lower 
head of the lantern wheel. As the holes in the upper head are 
smaller and the rundles wore in service they were shoved up 
through the upper head and held by wooden pins over the upper 
_ head. The holes in the upper head are smaller than those in the 
lower, and the reduction in the size of the pins from time to time 
as they wore and were shoved up to a. new position was crudely 
done, as the photograph shows. 

The wooden strap brake for stopping the mill shows on the left 
and under side of the face wheel. The chain hanging down was 
used to chain the face wheel fast. 

The heads of the lantern wheel and the vertical shaft show 
evident signs of great age, but no data were obtainable when the 
photograph was taken. The durability, however, of this type of 
wheels is very great. 

In 1889 I visited a windmill in Holland with gearing similar to 
the Nantucket mill, which had been built sixty years before. The 
face-wheel teeth were being renewed, and the owner informed me 
that the first set of teeth were replaced thirty years ago, and as 
these teeth had been in service thirty years, he was again renew- 
ing them, evidently considering the “life” of gear teeth as thirty 
years. They were also renewing the main shaft which had been 
in since the mill was built. The mill was used for grinding 
grain, and ran night and day, probably 18 to 20 hours per day for 
the entire time. The gear teeth were greased with tallow. 

The small wear of the teeth in service where tle working pres- 
sure must be quite large for wood surfaces may be accounted for 
by their elasticity. The teeth of the face wheel and especially 
the long rundles of the lantern wheel are decidedly elastic, and 
when the pressure of the teeth is great, they spring enough from 
- the geometric lines to prevent all sliding of the surfaces in con- 
tact during the time that the pressure is great. The sliding of 
the surfaces takes place only at the beginning and ending of the 
tooth action, when the pressure is comparatively light. 

69 
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No. 747—136. 
The advantages and disadvantages of the rotary steam engine. 


Prof. F. R. Hutton.—One of the members has sent in an 
inquiry as to the position which ought to be taken by competent 
mechanical engineers on the general question of its being worth 
while for inventors to waste their time and thought in the pursuit 
of a satisfactory rotary engine. 

A recent work * covering subjects of this general sort has pre- 
sented advantages and disadvantages of the rotary engine under 
the following heads: 

1. The effort of the steam is applied directly without interven- 
ing mechanism for conversion of the motion with their attendant 
friction, their costly fitting, and probable lost motion. 

2. There being no reciprocating parts, there is no inertia to be 
overcome at the beginning of the stroke, with the attendant con- 
sumption of energy required to accelerate them. 

3. The engine has no dead-centre, but will start from rest in 
any position. 

4. Absence of reciprocating parts makes it easy to run the shaft 
at the highest speed. This has attracted designers of steam-driven 
dynamos to use this type of engine. 

5. The | engine becomes very compact from the absence of con- 
verting mechanism, so that it occupies very little room. 

6. The engine has either no valve-gearing, or that which it has 
is of the simplest character. 

7. These features, and the absence of expensive mechanism, 
make the engine cheap to build and therefore usually cheap to 
buy. 

8. Absence of reciprocating-rods and dead-centres results in a 
construction in which the presence of condensed steam in thie 
cylinder does no harm. It does not stop the engine from turning, 
it cannot endanger the cylinder-casting, the engine can be started, 
even if under water, by simply opening the valve which admits 
pressure to it; it will start with solid water. 

9. Its esinmned construction and the above peculiarities particu- 
larly adapt it for out-door service and exposed places. Weather 
does it no harm, and its protection from outside injury makes it 

a serviceable quarry motor. 


* Mechanical Engineering of Power Plants, F. R. Hutton, 1897. 
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10. It requires no skill to handle it. If constructed to be 
reversible, it can be reversed from a distance by simple rope and 
weight. 


DISADVANTAGES OF THE Rorary ENGINE. 


The objections to the rotary engine are both practical and 
inherent. The practical objections belong to the difficulty of 
satisfactorily packing surfaces which do not move through equal 
spaces in equal times. Those parts farther from the axis move 
through a longer path in a revolution than those nearer to the 
axis. The wear from abrasion is therefore greater at one part 
than another. When the packing-strips have become somewhat 
worn, leakage ensues, and a noisy rattle from looseness of the fits. 
A second practical difficulty is the expense connected with proper 
lubrication of such engines, and a difficulty of taking care of 
excess of oil rejected by the exhaust. If efficiently lubricated, 
they consume an excessive amount of oil. 

The inherent objections to the rotary engine are: 

1. The presence, in the volume to be filled by live steam from 
the boiler, of an excessive waste space which has to be filled by 
steam at each revolution, which steam is exhausted without doing 
all the work there is in it. This corresponds in reciprocating 
engines to an excessive clearance. 

2. The very continuity of the action of the steam upon the 
rotating pistons precludes the possibility with the single rotary 
engine of working the steam expansively, so that when the steam 
leaves the motor it shall have become largely reduced in temper- 
ature and pressure by doing work with increase of its initial 
volume. The expansion is from the boiler and the water in it, 
and not from the actual volume received by the engine for the 
work of one stroke. In other words, the rotary engine is a non- 
expansive engine. These two difficulties make the rotary engine 
uneconomical. 

3. It is difficult to design the rotary engine for large horse- 
powers : 

First, because the structure becomes inconvenient the moment 
that large areas are desired, so as to make a value of PA in 
the horse-power formula a large factor; second, because it be- 
comes difficult to secure the condition of high piston-speed in feet 
per minute unless the diameter of the casing be made so large 
that the difficulties both practical and inherent become nearly 
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insurmountable and the advantages of the rotary principle are 
sacrificed. 

The economy which a single rotary engine cannot secure from 
its inability to work the steam expansively has been sought and 
secured in a degree by arranging rotary engines in series upon a 
shaft, so that the steam rejected from number one becomes the 
driving steam for motor number two of larger volume. By this 
means the steam when rejected is at more nearly the pressure and 
temperature of saturated steam at atmospheric pressure than can 
be attained with the single rotary engine. 

In view of the existence of such disadvantages, both inherent 
and as yet unavoidable, how ought an engineer to meet the 
approach of inventors of rotary steam-engines, if he wishes to retain 
a clear conscience and give sound advice? Have the words, “ No 
Thoroughfare” been written over against the path towards a 
successful rotary engine? 


No. 747—187. 


Basement floors for machine shops. 


Prof. Ino. E. Sweet.—To fix one’s ideas in treating this topic, 
let it be assumed that the ground to be floored is both solid and 
damp. 

With the solid ground only such a depth of filling is necessary 
as that required to distribute a concentrated load over large 
enough area, so that a hole will not be-punched through what 
constitutes the floor. Concrete, if of the best quality, may be as 
good as anything, and the necessary thickness would depend on 
the weight of the loads which it has to support. In the writer's 
opinion a layer of thin flat stone, or two layers, bedded in con- 
crete, and then a thin coating of concrete to give the full depth of 
say 6 inches, is better than 6 inches of concrete, however good. 

To cut off the moisture which is to be expected a coat of asphalt 
is best. Quick-lime would be effectual, but with an unmatched 
floor the lime would sift through the cracks. The writer believes 
that a layer of two-inch plank is better than scantlings buried in 
the cement, as it better distributes the load, and joints in the top 
floor can come anywhere. We have determined by experience 
that the expected in this case does not happen; the floor does not 
spring up and down. The top flooring is best of only 3 inch 
stuff, 53 inches or less in width. When the thin top floor is worn 
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through in places and needs repairing, the hole or depression is 
only J inch deep, whereas with thicker top flooring it is deeper. 

Were we again to lay a floor we would cut all the top flooring 
- into four-feet lengths to facilitate repairing, breaking joints every 
course. 

At the works of John Lang & Son, of Johnstown, Scotland, 
their shop floor is wholly of iron chips, and is a solid, fairly good 
floor. Not as clean as a wood floor, but one that would answer 
well in a basement. The cost of such a floor would depend on 
the market value of chips. It is cheap to put down and the night 
watchman can keep it in repair. 

The above speculative consideration of the subject is presented 
for the express purpose of having those who have had experience 
give the facts, which, as usual, are more likely than not to upset 
the theory. What is the best construction for the basement 
floors of machine shops ? 

Mr. C. J. Hl. Woodbury.—In the design of a floor to give sat- 
isfactory service in the basement of a machine shop, considera- 
tion must be given to the functions to be required of the floor 
and also for the foundation upon which it will rest. Wood is 
by far the best material in the construction and service of a 
floor, being a non-conductor of heat, which furnishes a comfort- 
able foothold for the feet, as well as a good grip for a pinch 
bar. It is something more than a mere chance that the help 
employed on the stone floors in European mills wear either 
sabots or Lancashire clogs, which interpose wood under the 
feet. 

One of the principal difficulties with a basement floor of wood 
is the rapid decay which is apt to occur in certain places in 
particular kinds of lumber. 

The antiseptic processes which are applied to wood are in 
many instances odorous, slippery, and improperly applied to 
such an extent that they fail to serve their purposes. Outside 
of the claims of interested parties, the preservation of wood is 
an open question in that various |:rocesses appear to be more 
adapted to some kinds of lumber than to others, and there ap- 
pears also to be a difference in results under what is supposed 
to be uniform conditions of material. 

One of the leading railroads in the United States, which 
takes pride in the standard nature of its specifications, has had 
a committee on preservation of wood during the last twelve 
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years, but that committee has not as yet submitted any report, 
although constantly in service. 

A basement floor should not cover a small, confined air space 
which receives damp exhalations from the ground, developing dry 
rot on the under side, and this can be prevented and the stability 
increased by laying the floor on a support of solid filling. It is 
poor engineering to lay the floor on sills or beams in such a 
case, because it does not increase the carrying capacity of the 
floor any more than holding a part of the load in one’s lap 
relieves the horse, and it is also poor construction to use beams 
or sills, because they are more liable to decay when buried in 
concrete than in any other position, and thereby relieve the 
floor of the corresponding amount of support, their only useful 
purpose being a convenience during the construction of the 
floor, which can be accomplished in other ways. 

The foundation of a basement floor should be relieved as far as 
possible from dampness by suitable underdraining, and it is well 
to place the material as near grade as possible during construc- 
tion, when the use of carts and the tread of workmen in the base- 
ment may tend to render it more compact on the upper surface. 
If a basement is under the tide level or near water-power canals 
so that it is under the water table, and therefore subject to the 
uplifting power of water percolating through the earth, it is 
necessary to make the floor double, the lower portion being laid 
with hydraulic cement concrete and inclined with numerous 
grooves running to a sump in a corner or some convenient place 
from which any water may be removed by pumping. Upon 
this, loose stone can be placed and afterwards well rammed, and 
to such a depth that its weight will be oe than the upward 
pressure of the water in the earth. 

For the foundation for such a floor the preferable base is to 
lay a concrete of cement in the proportion of one part of cement 
and six parts of sand and broken stone, the latter in the pro- 
portion one to two. After this is thoroughly dried, the cement 
should be mopped over with melted coal tar, which, if followed 
by a second coat, will very thoroughly seal the concrete and 
prevent the rise of dampness or gases through it. Coal-tar 
concrete may be used for the same purpose, but perhaps is not 
as permanent in its character, and, moreover, has a distinct odor 
for a long time after being laid and is easily softened by oil. 
The concretes are not suitable for a machine-shop floor without 
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further protection, because the dust which is removed from 
them by the attrition of wear is injurious to both machinery 
and the stock in process. 

For the flooring on a concrete foundation experience shows 
that a 14 inch plank, in as.long lengths as practicable, but with- 
out any regularity in lengths so as to break up uniformity in 
the position of the butt joints, should be covered by a top 
flooring of hard wood laid at right angles. There are two 
methods of placing the top flooring, one being to use the 
channelled maple board with blind nailing, and the other to 
drive, directly through the two layers of flooring, long enough 
spikes to penetrate the concrete below. It is highly important, 
however, around electric generators that the electrical resistance . 
of the wood, even with blind nails, should not be relied upon 
as a protection, but that rubber mats should not be merely 
placed on the floor, but secured there where one is liable to 
handle conductors. 

For the upper floor, maple presents the most desirable 
appearance, but it is considered that the black biich will resist 
better than any other lumber obtainable in this vicinity, but 
there is probably more southern pine used for this purpose. 

For the under plank of the floor, chestnut easily obtains the 
first preference, and hemlock next, notwithstanding its tendency 
to warp in seasoning. Nevertheless, I have known an instance 
where spruce, despised on account of its tendency to decay in 
damp places, has performed good service during some forty 
years of use. For other purposes of construction the use for 
filling under floors may be cinders, spent moulding sand, and 
air-slacked lime on broken stone, all of which have served useful 
purposes. 

Other forms of basement floors require perhaps more rigidity 
than what has been outlined in these suggestions. A boiler 
shop in a locomotive works has a floor which consists of a 
pavement of cobble-stones covered with 8 inches of coal-tar 
concrete, upon which is one course of 4-inch chestnut plank, 
upon which is laid another course of 4-inch oak plank, and the 
two treenailed together. 

These remarks upon basement floors are meant to refer only 
to the needs of machine-shop practice, and these general prin- 
ciples may, with modifications, be applied to basement floors 
used for other purposes ; but that is another story. 
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Prof. Chas. H. Benjamin.—In my experience the principal 
difficulty with basement floors is the dampness ; concrete will 
not keep it out, and the flooring rots rapidly. 

This will be most noticeable when the subsoil is a hard clay, 
not readily absorbing the surface water. 

I have lately seen one basement floor laid in a large shop 
about 100 feet wide and 200 to 300 feet long. The material was 
excavated to a depth of about three feet below the floor line, 
and a system of porous drain tile laid, sloping from the centre 
either way towards the sides and discharging into outside 
drains. The whole space was then filled in with cinders care- 
fully rolled as fora roadway. The upper surface was accurately 
graded to @ level and the floor joists laid flush in the cinder 
without tamping, a heavy roller being depended on to insure 
the same degree of density and hardness at every point. 

A 2-inch matched floor was then laid, resting on the joist and 
cinder alike, and this in turn covered with the usual j-inch 
narrow, hard-wood flooring. 

This floor, as completed, is practically a unit, resting on but 
not fastened to the cinder bed, and as the latter is of even 
density the assumption is that the floor will remain level. 
Time only will determine the success of this plan. 


No. 747—138. 


Crystallization by shock. 


Mr, Gus. C. Henning.—The question has frequently been asked 
whether structural change takes place in solid forgings of wrought 
iron or steel as the result of continued vibration, either under 
strain or in the absence of it. This question thus put is quite as 
indefinite as it is possible to make it, and to a logical mind it is 
about as definite as another famous question which was once 
asked of an old woman as to whether “ the geese lay eggs.’ She 
answered calmly, “ That depends,” and began a lengthy explana- 
tion by saying that “If they are not all ganders,” etc., etc. To 
answer the' question even in a very brief manner, it becomes _ 
necessary to define— 

1. The particular kind of solid forgings of wrought iron or 
steel ; 

2. The particular condition each is in; 

3. The particular processes to which each has been subjected ; 
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4, The particular stress to. which each might be subjected ; 

5. The degree of stress to which each might be subjected. 

Forgings have frequently been known to break— 

A. While apparently without strain ; 

B. While under very light strain ; 

C. While under safe strain. 

On the other hand, forgings have been known to break under 
tension strains with a very “short” fracture, while all attempts 
to break samples intentionally, fail to develop any such char- 
acteristics. 

us first consider— 


1. The particular kind of 


These may have been— 

a. Reductions of large pieces to similar smaller ones ; 

b. Bent, split, branched, or distorted ; 

c. Welded. 

a. Forgings of this class should be and are made at low tem- 
peratures and in few heats, uniformly distributed. 

b. This class requires much higher heats and many of them 
according to design, and much local heating. 

c. These require very high, almost rnelting heats, and while 
generally but few, they are always local. 

The differences in results of pieces subjected to the treatment 
indicated will be as indefinite as there may be shapes and sizes. 


2. Particular condition each is in. 


The foregoing will at once show that the solid forgings pro- 
duced by either of above methods, will be in as many conditions 
as there are changes of shape. 

Those of class a@ may be (but are not necessarily) uniform in 
grain or texture or strain. 

Those of class ) must necessarily be, and always are, of all 
varieties of grain, texture, or strain. 

Those of class c are always of positively differing grain and 
texture. 


3. Particular processes each has been suljected to. 


The various kinds of forgings may have been allowed to cool 
off on end or lying flat, singly or in piles, in the wet or dry, in- 
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doors (summer heat) or out-of doors (freezing temperatures). They 
may have been heated to a moderate uniform heat after forging, 
and then allowed to cool likewise ;.they may have been annealed, 
and then cooled very slowly. Again, they, or parts of them, may 
have been quenched in water more or less cold, or even purposely 
hardened at some parts. 

Each of these various processes produces its particular effect. 


4. The particular stress to which each might be subjected. 


The forgings may be strained in torsion, or reverse torsion; 
alternately in tension and compression (repeated stress) . or, again, 
in vibratory or percussive stress, or in simple tension or compres- 
sion, constantly or repeatedly applied. It is plain that each or 
all of these stresses might be applied successively to any single 
forging, and each may produce a different effect on grain or 
texture, according to previous condition or treatment; hence 


‘unless these be all known and defined their effects cannot be 


described. 


5. The degree of stress to which each might be subjected. 


It must be stated whether the stress applied is local or uni- 
formly distributed, whether small or great. It must be clearly | 
known whether even small stress produced an infinitely small 
permanent effect on the surface of the forging, like the blow of a 
hand-hammer on an anvil, which ultimately even changes not 
only the texture.or grain, but also the shape, for it is well known 
that even the light blow of a tack-hammer will in a short time 
affect a hardened die-block because of the extremely local and 
intense effect of such action upon grain after grain. Having thus 
examined all the possibilities which may enter into the problem 


. or question, it will be at once appreciated that the question can- 


not be answered in any reasonable manner. 

However, if the question be so changed as to cover only one 
particular case, and that the very simplest of them all, then a con- 
cise and definite answer may be given. 

The question thus simplified or specialized would, perhaps, 
become: 

Does structural change take place in solid symmetricai forgings 
of uniform, homogeneous wrought iron or steel, having been 
brought to this condition by proper treatment, removing all acci- 
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dental or internal stresses, as the result of continued vibrations 
either under a moderate uniformly distributed strain, always far 
within that limit at which even ever such slight change of shape 
takes place, or during absence of it? 

Under these conditions an unequivocal and positive answer can 
be given, and it is: “That there never has been a case found 
where it could be demonstrated or was known that any change 
had taken place.” : 

Moreover, there never has been a well-established case of 
change of structure vhich could not be readily explained after 
close examination as due to some definite excessive force. 

It is of course assumed that all forces applied produce vibra- 
tions in wrought iron and steel. 

Almost the only case which would positively prove what does © 
take place is the constant sounding of its fundamental note of a 
piece of metal known to have been uniform initially. 

Ido not think that a tuning-fork which has not changed its 
weight and shape has ever altered in pitch, and is absolutely 
constant under similar conditions. 

Did any structural change take place it could not possibly 
retain its pitch, and under the circumstances, and as a matter of 
fact, tuning-forks remain constant, except when corroding or when 
visibly injured externally. 

The mere fact of fibrous or of crystalline appearance of a 
fractured forging does not warrant any conclusion as to the prob- 
able cause of such condition, unless the internal condition had 
been determined when the piece had been forged. 

It is well known that a certain degree of heating will produce 
“fibrous” appearance in homogeneous materials, while a high 
heat is very apt to produce “crystalline” appearance. Other 
temperatures will produce neither the one nor the other, but 
“oranular” structure. Hence one forging, having been heated 
differently at different points, may have either one or all of these 
structural variations, and @ priori conclusions are valueless. 

If there are these differences of structure, there will also be 
differences of initial strains, and these may, and generally do 
vary in course of time. This change of internal stress is known 
to produce differences of structure in course of time, and espe- 
cially under effect of external forces. But this is only an 
abnormal case, and cannot be considered the invariable rule. 

In the case of a gun forging, where the material is made 
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uniform after each treatment or working, no change of structure 
has ever been demonstrated to occur. 

Prof. F. R. Hutton.—There is scarcely any subject in structural 
material on which so many divergent opinions are to be elicited 
as on the question whether a structural change takes place in 
solid forgings of wrought iron or steel as the result of continued 
vibration, either under strain or under absence of it. 

I put myself on record in a discussion of Mr. William Hill's 
paper on the “ Apparent Crystallization under Shock of a Wrought 
Iron Hammer Head,” which was published in our Transactions, 
volume vii., page 241. 

‘The appearance which gives rise to what is called fibrous 
structure of wrought iron has been most satisfactorily described 
~ by Mr. Durfee, both in the discussion of the paper to which I 
have referred and in a recent lecture which he delivered before 
the Franklin Institute of Philadelphia. This conception makes 
the bar of wrought iron the result of rolling nodules of true metal 
into elongated particles with a cinder film between them, which 
film is drawn out with the particles. If a bar of wrought iron be 
subjected to the action of acid, then <its effect upon the cinder 
films leaves the elongated metal in a sort of relief, so as to simu- 
late a fibrous structure in any given length. When either sud- 
den jerk or prolonged process of extension and releasing of strain 
tends to loosen these elongated masses from each other, and from 
the cinder envelope by which they are surrounded, the structure 
_ of the bar is broken down, and it loses its ability to withstand 
strain. Vibration is of two kinds: that which takes place across 
the axis of a body, as in violin strings and tuning-forks, and, sec- 
ondly, lengthwise, or parallel to the long axis of the body, such as 
occurs in bolts which fasten hammer-heads to their helves and 
in the piston-rods of vertical steam hammers and the like. If 
the structure is of a sort to be loosened or disintegrated by this 
lengthwise extension, or crosswise flexure, it would seem intelli- 
gent to suppose that vibration, loosening the particles from each 
other, might ultimately cause the structure to change in character. 

It will be interesting to gather together information as to the 
actual oceurrence of a change of this sort, and there has been 
therefore propounded by one of our members the question, Will 
continued vibration alter the molecular arrangement of iron, and 
can you give illustrations of such crystallization from your own - 
experience ? 
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DCCXLVIII. 


MEMORIAL NOTICES OF MEMBERS DECEASED 
DURING THE YEAR. 


[Note.—A memorial monograph with portrait of the late J. F. Holloway, Past 
President of the Society, will be fonnd at page 612 of the present volume, and 
following it, on page 628, the contributions which were made to the voluntary 
memorial session which was held at the time of the seventeenth annual meet- 
ing in New York, December, 1896. 

The notices which follow refer to other members of the Society, who had not 
held presidential office.—Seeretary. } 


AMBROSE PLAMONDON, 


Mr. Plamondon was a Canadian by birth. He was born in 
Quebec, December 31, 1833. At an early age the family moved 
to Oswego, N. Y., and at the age of twenty-two he erected the 
extensive starch works at that place, and for several years 
operated the plant. Shortly after, he decided to locate in the 
West, and after an extensive trip in northern Illinois, he located 
in 1857 in Chicago, with whose future commercial possibilities 
Mr. Plamondon was much impressed. His first firm was Pla- 
mondon & Palmer, but in 1864 the A. Plamondon Manufacturing 
Company was organized, of which he was president until his 
death. He was also connected with other companies as presi- 
dent, among them the Pneumatic Malting Company and the 
Saladin Malting Company. 

He became a member of this Society in November, 1886. His 
health had not been robust for some time, and early in January, 
1896, Mr. Plamondon took a trip to Arkansas, and, although his 
recovery from the local difficulty was rapid, he contracted a cold, 
which developed into a congestion of the lungs, and which so 
told upon his strength that, although he endured the journey 
from Hot Springs to Chicago, he failed csi until his death 
at his home, February 19, 1896. 


BENJAMIN MARVIN HARRIS. 


Mr. Harris was the youngest son of Hon. Marvin Harris, of 
Orleans County, N. Y, and was born at Kendall, N. Y., Novem- 


‘ 

| 


1090 MEMBERS DECEASED DURING THE YEAR. 


ber 15, 1866. His preparatory education was. obtained at the 
State Normal School at Brockport, N. Y., after which he entered 
Cornell University, where he graduated in the course in mechani- 
cal engineering in 1890. Subsequently he took a course in elec- 
trical engineering. He had an aptitude for mechanics, and his 
standing in college was high. 

After his graduation he went abroad, spending some time in 
Great Britain and on the Continent. Upon his return he entered 
the employ of the Heidenrick Construction Company, of Chicago, 
in October, 1891, where he remained one year. . He was then 
engaged by the Hill Clutch Company, of Cleveland, and had 
charge of the construction for them of valuable machinery in 
various parts of the country. He was subsequently employed 
by the Electrical Printing Company of New York, and afterwards 
became estimating engineer for the Globe Electrical Construc- 
tion Company of New York. He left the employ of this com- 
pany in December, 1895, to accept the position of assistant mas- 
ter mechanic for the Guggenheim Smelting Company, and went 
to Aguas Calientes, Mex’.«,, where one of their smelters is lo- 
cated. He was engage. vhere until about April 1, 1896, when 
he had an attack of typhoid and malarial fevers, from which, 
however, he became convalescent. Upon returning to his work 
he suffered a relapse, and died May 2, 189°. He was elected 
a junior member of the Society at the Providence meeting 
in 1891. 


ROBERT J. GILMORE. 


Mr. Gilmore was born in Calais, Me., in 1847. He was a 
machinist by trade, and in 1871 he removed to Providence to 
become foreman of the Allen Fire Department Supply Company. 
He later became superintendent, and at the time of his death 
was its sole proprietor. Mr. Gilmore’s inventive capacity was 
directed in the line of his business, and the improved hose- 
couplings now in general use were devised by him, and he also 
had a share in the perfecting of what is known as the electric 
fountain, originally designed by Messrs. Gilmore & Dunlap. 
The ring traveller is universally made at this time by a machine 
inyented by Mr. Gilmore. 

He became a member of the Society in May, 1889, and died 
July 2, 1896. He was active in the body of Masons. 
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WALTER W. SMITH. 


Mr. Walter Whittemore Smith was born March 8, 1850, in 
Troy, O. His mechanical ingenuity showed itself at an early 
day. He graduated in the mechanical engineering course in the 
Massachusetts Institute of Technology in 1871, and in the fol- 
lowing winter he studied at the University of Berlin, although 
the rigorous climate prevented him from completing his in- 
tended course. In 1873 and 1874 he was in charge of the 
designing and draughting with the Barney & Smith Company, of 
Dayton, O., and in 1874-75 he established with Mr. J. H. Vaile 
the Smith & Vaile Company for the manufacture of pumps, 
pumping machinery, oil mill and general hydraulic work. . 

Mr. Smith was active in religious and educational work: a 
trustee of the Western Academy at Oxford, O. He became a 
member of this Society at the Cincinnati meeting in 1890, and 
_ passed away, after a long illness, in July, 1896. 


JOSEPH 8. LUDLAM. 


Mr. Ludlam was born in Cape May County, N. J., September 
16, 1837. He had the experience of every one who at that 
early day desired to enter the ranks of the engineers, taking 
his earlier training in the form of experience in the manage- 
ment of steam engines in out-of-the-way places where no one 
else could be found to do the work. He travelled’very widely 
all over the world, working as miner and as mechanic, and has 
been a steamboat captain as well as marine engineer. During 
the war he was in Chinese waters, and was concerned in several 
of the schemes which were employed for the capture of the Con- 
_federate gunboat Alabama off Shanghai. 

He was under the command of General Gordon (Chinese 
Gordon) during all of his career in the East.. After the close of 
the war he was mining in the copper district at Lake Superior, 
and was called to succeed General Palfry as agent of the Merri- 
mac Corporation in 1875, in spite of the statement which he 
made that previous to assuming that position “he had never 
seen the inside of a cotton mill.” In 1886, when Mr. Ludlam 
joined the Society, that corporation was running over 100 steam 
engines and burning 1,800 tons of coal per annum, and his 
friends at that time spoke of his having shown very marked 
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ability and as being one of the most successful mill agents in 
his territory. 

His death occurred August 4, 1896, after a long and serious 
illness. 


fe J. T. RIDGWAY. 


Mr. Joseph Theodore Ridgway was born at Tuckerton, N. J., 
January 22, 1838. His education was chiefly at the public 
schools of his native town, but he entered the navy as seaman 
July 15, 1861, and was first assigned tc duty in West Indian and 
South American waters, and afterwards attached to the Atlantic 
Squadron blockading the Southern ports. In his early expe- 
rience he cruised after the foreign steamers Sumter and Nash- 
ville, and later went on duty on the James River. In March, 
1862; he assisted in the capture of the east coast of Florida, 
from St. Andrews to St Augustine, and was made acting mas- 
ter’s mate in that year. In January, 1863, he was in the engage- 
ment with the Confederate ram Chicora at Charlestown, and 
received his wound. In August, 1864, he was made acting 
ensign. In January, 1865, he shared in the battle and capture 
of Fort Fisher, and during his naval services was twice pro- 
moted for gallantry. His chief engineers at sea were Messrs. 
Davis and Eddows. He was discharged March 28, 1865. . 

Resigning from the navy, he went to West Virginia at the 
close of the war and was engaged in prospecting for oil. Dur- 
ing five years he was also in charge of the construction, erection, 
and testing of engines and in practice on the river boats. For 
four years he was with the Baldwin Locomotive Works of Phila- 
delphia, passing through nearly all their departments, and finally 
doing contract work. “He then moved to Trenton, N. J., and be- 
came vice president of the Star Rubber Company, whose plant 
he designed. In addition to this, he became vice-president and 
general manager of the Trenton Electric Light and Power Com- 
pany, whose plant he planned and erected. He was also con- 
sulting engineer for a number of establishments in his State. 


- He was a member of the Board of Public Works of his city at 


the time of his death. 
He became a member of the Society at its Washington meet- 
ing in May, 1887, and passed away August 27, 1896. 
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ERNEST STOLL CRONISE. 


Mr. Cronise was born in New York City, October 16, 1861. 
He graduated from Stevens Institute of Technology in Hoboken 
in 1881 with the degree of Mechanical Engineer. He spent 
three years in the motive power department of the Pennsylvania 

' Railroad and in the New York, West Shore and Buffalo Railway 
as apprentice in the machine shop, in the drawing room, and, in 
the department of the road, foreman of engines. He was for over 
a year assistant inspector of car construction for the West Shore 
Railway at Pullman. 

On leaving this assignment he entered the Worthington 
Hydraulic Works of Brooklyn as machinist, remaining one year 
in this capacity, one year as draughtsman, and serving on their 
erecting department for some time, and as salesman in their West- 
ern offices. Returning to New York, he was put in charge of the 
meter department of the Worthington Company, which was 
the position he held at the time of connecting himself with 
the Society at the New York meeting in 1891. 

His death took place September 19, 1896. 


LEVI K. FULLER. 


Levi Knight Fuller was born February 24, 1841, in West 
Moreland, N. H. His parents moved to Bellows Falls in 1845, 
and with the consent of his parents he left home in 1854 to 
learn a trade in Brattleboro, Vt. His first trial was at the’ 
printer’s trade, but his tastes did not lie that way, and he much 
preferred to work out woodcuts with his knife for illustrating 
the local journal published by his employer. He became a tele- 
graph operator at Burlington, Vt., but really began his life-work 
by becoming apprentice in the firm of Messrs. Chubbeck & 
Campbell, of Roxbury, Mass., and attended evening schools in 
Boston. Returning to Brattleboro in 1860, he opened a machine 
shop, making a specialty of wood-working machinery, and began 
also the manufacture of sewing machines. 

In 1866, in connection with his brother-in-law, Mr. J. J. Estey, 
the firm of Jacob Estey & Company was created for the manufac- 
ture of the Estey organ, and Mr. Fuller became the superinten- 
dent of the mechanical department. It was in this relation that 
Mr. Fuller became best known. While reed organs were manufac- 
70 
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tured in the forties, the business did not attain large propor- 
tions until after the war of 1861-65. Mr. Fuller took out more 
than a hundred patents during his connection with his chosen 
work, although many of them were in different lines from his 
chosen specialty. 

In 1872 President Grant offered Mr. Fuller an appointment as 
one of the cominissioners to the Vienna Exposition, and although 
the appointment had to be declined for business reasons, it was 
the beginning of an activity in civic and public affairs which 
lasted during the rest of Colonel Fuller’s life. He organized in 
1874 a battery of the Vermont National Guard, and was fora 
long time its captain. In 1880 he was elected State Senator, 
in 1886 Lieutenant-Governor, and in 1892 Governor of Vermont. 
In 1891 Mr. Fuller, although in impaired health, became an 
active member of the committee whose ultimate action resulted 
in the determination of what is known musically as international 
pitch, and in that work he showed a practical familiarity with 
the science of acoustics which has been one of his great claims 
to distinction. Mr. Fuller made a collection of standard tuning 
forks, numbering. several hundreds, and which is said to be by 
far the most remarkable and complete collection of its kind in 
existence. It was exhibited at the World’s Fair in 1893. 

Mr. Fuller took a deep interest in educational matters. He 
was a trustee of the schools of his State; he bought and pre- 
sented a school for exact agricultural training for the Vermont 
Academy at Saxton’s River; he added an equatorial telescope 
to the equipment of the school, and in connection with the late 
B. F. Sturtevant, of Boston, he contributed largely to the erec- 
tion of a special hall, which has been known as Fuller Hall. 

Governor Fuller was one of the charter members of this 
Society. His death took place October 10, 1896, after a long 
and painful illness. 


SYLVANUS DYER LOCKE. 


Sylvanus Dyer Locke was born September 11, 1833,in Richfield, 
Otsego County, N. Y. He received his education at Fairfield 
Academy, Fairfield, Herkimer County, N. Y., supporting himself 
‘at the age of seventeen by teaching district school in the winter. 
In his twenty-first year he became principal of one of the large 
graded, or union, schools in New York State. In 1856-7 he was 
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engineer and draughtsman on the Wisconsin Central Railroad, 
but after the financial panic of that year he became again principal 
of a seminary in Columbus, Ky., although taking part in 1858 in 
the triangulation which was in progress over the Mississippi 
River. In 1859-60 he returned to the North, admonished by 
the unsettled political conditions of that time, and entered the 
law office of Bennett, Cassoday & Gibbs, in Janesville, Wis. In 
1861. he was admitted to the bar, but devoted most of his time 
to the duties of city engineer and county surveyor, in which 
capacity he served for eight years, from 1861 to 1869. His 
work of that period involved surveys for slack-water navigation 
of Rock River in Wisconsin and of the water-power of Cedar 
River at Cedar Falls, Ia. 

The principal direction of Mr. Locke’s mind, however, even 
during these years, was that in which it obtained later its full 
scope—in the development of machinery for harvesting. It was 
while visiting friends on a farm in 1860 that he first saw the need 
of an automatic binding harvester. His acceptance of the posi- 
tion of surveyor was based on his desire to have an income which 
he could spend for the development of his ideas. Against the 
warnings, advice, and even entreaties of his friends, who declared 
that he was pursuing a will-o’-the-wisp and sacrificing the best 
years of his life in hopeless efforts to obtain the unattainable, 
he pursued unfalteringly his purpose. Year after year passed 
in what appeared to be fruitless efforts to build a successful 
machine. The first machine he built bound well in the shop, 
as well as any machine ever built since. It did not fail there 
nor at fairs, but it could not bind successfully in the field. The 
difficulty.was in the presentation of the grain to the binder in 
proper shape to be bound. He applied binders to self-raking, 
hand raking and hand forking machines, only to meet with 
failure, always with failure. Each year he applied a binder 
to a reaper only to meet with defeat, and each year the experi- 
ences and failures of the preceding year were again repeated, 
and so for nine long years he struggled persistently and dis- 
couragingly on. 

In February, 1869, he entered into a contract with Walter A. 
Wood in relation to grain binders. He wanted to put a binder 
on a side-delivery endless-apron machine. His experience had 
convinced him that no rake could sucessfully deliver grain to a 
binder, and this conviction has been sustained and fully con- 
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firmed by all subsequent experiences in the field. No rake has 
ever been made to work with the binder. Only a side-delivery 
harvester delivering a stream of grain continuously to the 
binder has been made to work; everything else has failed. 
But to satisfy Mr. Wood he applied a binder to his pet 
machine, his chain rake reaper. He had no confidence in the 
venture, and in the field in the early harvest of 1869 it failed. 
Anticipating failure, he had quietly, and unknown to Mr. Wood, 
and before the harvest of 1869, built a model of an automatic 
binding harvester that worked in a new manner and upon 
radically different principles. 

Before this date inventors and experimenters in “the harvest 
field had dealt only with massed bundles. Either the reaper 
delivered a predetermined massed gavel or the grain was meas- 
ured by cut-off mechanism before its delivery to the binder. 
No one had succeeded in binding directly from a stream of 
grain ; hence all failed. The model which he had built prior 
to the harvest of 1869, and the full-sized machine built during 
and immediately after that harvest, marked a new departure in 
grain binders and illustrated a new method of binding ‘from a 
stream of grain which proved a success from the very begin- 
ning, and which has been adapted by every practical builder, 
and entered into every successful machine. This machine of 
1869 was thoroughly tested in the harvest of 1870, proving to 
be a pronounced and grand success, binding many acres well. 
This appears to have been, and is believed to have been, the 
first successful automatic binding ever done. 

Though the machine was a success, he was not yet out of the 
woods. Many difficulties had to be met and overcome. Some 
of these related to the strength of the parts of the machine, 
while others, and a greater part of the difficulties, referred to 
the condition of the grain in the field. Whether short and thin 
or very tall, like some ryc: whether green and heavy, or over- 
ripe and very light and puffy ; whether wet or dry, straight or 
down and tangled by the storm, the condition of the grain pre- 
sented many difficulties which had to be met and overcome by 
special construction or adaptation of the machine. Finally, the 
machine was completed and put upon the market in 1873. 
After the harvest of 1872 and before the harvest of 1873 five 
harvesters and binders, or automatic binding harvesters, were 
built. One of these was sent to the Vienna Exposition, two 
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were retained for experimental use, and the other two were sold, 
one to I. P. Cook, of Janesville, Wis., and the other to Thomas 


- Cameron, of Richmond, Walworth County, Wis., and by them used 


during the harvest of 1873, binding to their satisfaction all of 
their grain. Unquestionably these were the first machines ever 
sold to actual farmers, and they were sold at least two years in 
advance of the sale of any other machine, and anticipated the 
great extensions in this dapartment which were shown at the 
Centennial Exhibition of 1876. For two years he stood alone 
without competition. Since then, of course, others have entered . 
the field. - Many of the features or parts of the binder invented 
and used by him are known to be necessary and absolutely 
essential to the construction and operation of a successful self- 
binder. He may not be accorded full credit for what he has 
done, but he had the consolation of knowing that many of the 
essential features of the binder have had to be adopted and 
appropriated by every builder, and have entered as component 
integyal parts. of every successful machine. One of these 
essential features related t» the general construction of the 
binder, and consisted essentially of a binder frame overhanging 
and sabtending the binding receptacle from the end of the grain. 
This invention not only holds the widely separated diverse 
parts of the binding mechanism above and below the grain in 


_ exact co-working position, but it secures an open throatway for the 


passage of long grain, so avoiding the widening of the machine, 
and dispensing with one of the ‘supports at the ends of the 


. grain. 


Another and very essential feature related to binding from a 
stream of grain, and consists essentially of the delivery mechan- 
ism of the harvester delivering a stream of grain continuously 
to the binding receptacle, the binding receptacle receiving the 
stream continuously delivered by the harvester, and an automatic 
binder working in the receptacle to separate the stream into — 
gavels, and bind and discharge them from the machine without 
interfering with the flow of the stream. 

_ Another and a third essential related to the sizing of the 
bundles, and consists essentially of the delivery mechanism of 
the harvester delivering a stream of grain continuously into a 
binder, an automatic binder working in and with the stream to 
separate it into gavels, and a clutch interposed between the 


delivery mechanism and the binder, to size the bundles by pro- 
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ducing intermittent motion of the binder while the delivery 


mechanism works continuously. 


The fourth essential feature invented and used by him related - 


to binding the grain_centrally, and consists essentially of the 
delivery apparatus of the harvester delivering a stream of grain 
continuously to a binding receptacle, an automatic binder work- 
ing in the receptacle to separate the stream into gavels, and 
adjustable bodily along the end of the delivery apparatus. 

Another and fifth essential feature related also to binding 
the grain centrally, arid consists essentially of the delivery 
mechanism and the wind-board secured to the harvester and 
overlying the receptacle to form an end wall, marking the butts 
of the bundle while the receptacle adjusts beneath. 

The sixth essential feature related to the separating of grain 
into bundles, and consists essentially of ledges on either side of 
the mouth of the throatway of the receptacle, into which the 
separator or needle-arm passes. The ledges hold back the 
stream of grain and prevent it, however entangled with the 
bundle, from following it and being dragged down into the 
throatway back of the needle-arm or back of the separator, 
which is inclined to clog the band securing mechanism or to 
choke down the machine. 

The seventh essential feature related to the forming and 
combing of the bundle, and consists essentially of springs on 
either side of the binding receptacle, near its tail, which hold 
and straighten the forming bundle and comb it on its discharge 


of straggling grain, which would otherwise discharge or follow | 


the bundle to the ground. 

The eighth essential feature related toa method of supporting 
and sizing the bundle, and consists essentially of a spring pawl 
or detent which holds the binder when uncoupled from the 
harvester, and not otherwise held from retrograde motion or 


other displacement of the needle-arm and other parts of the 


machine. 
The ninth essential feature related to the separating of the 


cut from the uncut grain, and consists essentially of a divider ~ 


having its outer line leading the cut grain onto the horizontal 
carrier. This invention overcame the difficulty incident to the 
use of the horizontal canvas apron which took the grain from 
the cutters laterally to the elevating mechanism of the machine. 
This endless carrier is a simple canvas apron provided with no 
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adequate means for attacking the cut grain when separating it 
from the uncut or standing grain. i 

The tenth essential feature related to a yielding or elastic 
compressing arm of a grain binder, and consists essentially of 
a cam arm, @ spring arm, and interposed spring to operate the 
compressor. 

All of these features, with the possible exception of the 
eighth, the ninth, and the last, the pawl and ratchet, the shoe 
bracket, and the compressor, have been and are used on all 
successful automatic binding harvesters, and are absolutely 
essential on any one of them. Other features of less impor- 
tance invented by Mr. Locke have gone into partial use, and 
many other features, very important and fundamental, allowed 
to him on the reissue of poorly drawn and defectively drawn 
patents, have been impliedly declared void and worthless. 

Grain binders of his invention and made under his authority, 
and corresponding substantially to a certain patent, were built 
from 1869 to 1881. In 1878 over 5,000 machines were built and 
sold, and from this time forward medals, awards, prizes, di- 
plomas, cups, and money flowed in as the result of successful 


- competitions. During that entire period as many as 30,000 were 


manufactured by the Wood Company. Many thousands of ma- 
chines have been built since then under his direction and in- 
volving five claims or more of that same patent. Since 1875, 
probably in the neighborhood of 3,000,000 machines, embody- 
ing the claims aforesaid, have been built by others. 

Mr. Locke severed his connection with the manufacturing 
company in 1880. He was a victim of the decisions of that 
period by the Supreme Court concerning the rights which at- 
tached to inventors upon the reissuing of their original patents, 
and in consequence-of somewhat of controversy which arose as 
to the use of Mr. Locke’s name in connection with his inven- 
tions manufactured by other persons, he identified himself with 
a harvester factory of his own in 1881-83. 

He was president of the Hoosick Falls Electric Light and 
Power Company 1887-89, having surveyed and laid out its 
water-power and electric-light plant. At the time, however, 
that he connected himself with the Society, at its Providence 
meeting in 1891, he had practically retired from professional 
work other than the supervision of the working of the inven- 
tions which he had made. In addition to the harvesting ma- 
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chinery with which he is best known, he had taken out 100 
other patents, covering railroad couplings and permanent way, 
fabric-testing machinery, hop-picking machinery, underground 
conduits, etc. His steel-link belting was one of the things on 
which he was engaged at the time of his death. 

For several years Mr. Locke had been in an enfeebled physi- 
cal condition, and his final sickness was caused by a cold which 
developed into congestion of the lungs. 


ROBERT EMORY MARSHALL. 


Mr. Marshall was born at Leeds, England, September 4, 1862, 
at which time his father was United States consul in that city. 
Upon the return of his father’s family to America and during 
his early manhood he received preparatory education at the 
Columbian University in Washington, D. C., and in 188] he 
became an apprentice with the Pennsylvania Railway at the 
Altoona shops. His ability and diligence secured for him the 
appointment as assistant road foreman of engines, and in 1890 
superintendent of motive power on the Philadelphia, Wilmington 
aud Baltimore Railroad. In 1895 he became superintendent of 
the Altoona division on the main line. His taste lay in the 
transportation department of railroad work, and he was con- 
sidered to have a bright future before him. His death took 
place November 30, 1896, in Washington, D. C., at the home of 
his brother, during an acute attack of melancholia, the result of 
nervous prostration from overwork. He joined the Society in 
November, 1890. 


DAVID LEONARD BARNES. 


Mr. Barnes was born August 23, 1858, at Smithfield, R. L, 


near Providence. His father died when the son was but eleven 
years of age, and young Barnes became the man of the family. 
His education was obtained in the high school, and at fifteen 
years of age he began his professional work with a civil engi- 
neer, and was a surveyor for three years in the field and on city 
work. In 1876 he entered Brown University at Providence, and 
was for part of a term a special student at the Massachusetts 
Institute of Technology of Boston. His predilection for the 
locomotive took him into the shops of the Rhode Island, the 
Hinckley, and the Rome works, and he spent eight years, from 
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1879 to 1887, at this ‘oats ending as chief draughtsman and 
mechanical engineer for the Rhode Island Company. He was 
also beginning at this time his practice as consulting engineer. 
In December, 1888, he joined the editorial staff of the Railway 
Gazette of New York, and up to the time of his death main- 
tained an enghisering office in Chicago, with a New York City 
connection. He was identified as consulting engineer with the 
Baldwin Locomotive Works and the Westinghouse Electrical 
and Manufacturing Company in designing a set of standard elec- 
tric locomotives, and was consulting engineer for the Chicago 
and South Side Rapid Transit Company. He was a frequent 
and valued contributor to the transactions of the railway socie- 
ties and to the national societies of engineers. 

He became a member of the Society at its Scranton meeting, 
October, 1888. In 1896 his health showed indications of fail- 
ure, but no one suspected its ultimate fatal character. He | 
made a trip to Europe in search of rest, but on his return his 
strength declined slowly, aud he passed away December 15, 
1896, in New York City. 


FRANCIS A. WALKER. 


General Walker was born in Boston, Mass., July 2, 1840. 
His father, Amasa Walker, was a member of Congress and a 
professor with rare intellectual attainments, and was distin- 
guished as a writer on political economy. 

When the war of 1861 broke out Mr. Walker was a law 
student in the office of Devens & Hoar, in Worcester, having 
graduated from Amherst in the class of 1860. He enlisted 
promptly and became sergeant-major of the Fifteenth Massa- 
chusetts Infantry, passing successively through the grades of | 
captain, major, and lieutenant-colonel, brevet colonel, and bre- 
vet brigadier-general of volunteers. He became chief of staff 
with General Hancock, and at Gettysburg held the rank of 
lieutenant-colonel. His sufferings during six weeks in Libby 
prison incapacitated him for further field service after his 
release, but he was brevetted a brigadier-general by General 
Hancock’s request. Immediately after the war he married, and 
was for three years teacher in Williston Seminary. He served 
on the editorial staff of the Springfield i:epublican, and was for 
two years deputy special commissioner of United States revenue. 
He was superintendent of the census in 1870 and in 1880, and 
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commissioner of Indian Affairs in 1871-72. In 1872 the profes- 
sorship of political economy was founded at Yale University, 
and until 1881 he filled this chair. In 1881 he was called to 
the presidency of the Massachusetts Institute of Technology in 
Boston, where he introduced the studies of history and political 
economy into an institution founded for distinctly technical 
purposes, and was its president during its period of most active 
and successful development. He was, besides, for two years 
lecturer in Johns Hopkins University in Baltimore, and for a 
short time university lecturer at Harvard. He received degrees 
from more institutions of learning than any American of his 
time. He was chief of the Bureau of Awards at the Cen- 
tennial Exhibition in 1876, a commissioner to the International 
Monetary Conference in 1878, president of the American Eco- 
nomic Association in 1880, and was at his death a member of the 
. National Academy of Sciences. One of his interesting sugges- 
tions was the publication, in connection with the census of 1880, 
of special monographs on subjects connected with power and 
manufactures ; and many of these contributions are most inter- 
esting and valuable. He was made an honorary member of this 
Society in 1886, following the successful Boston convention of the 
Society the previous winter, whose sessions were convened at the 
Institute, and he passed away January 5, 1897, from apoplexy. 

His contributions to literature were almost entirely in the 
field of economics, and, besides a great number of occasional 
addresses, include: “The Compendium of the Ninth Census,” 
.- ©The World’s Fair,” “ A Critical Account of the Philadelphia 
Exhibition,” “ Statistical Atlas of the United States,” ‘“‘Some 
Results of the Census of 1870,” “United States Centennial 
Commission-Awards in National, State, and Other Collective 
' Exhibits,” “Compendium of the Tenth Census,” “Land and Its 
Relations to Rent,” “The Indian Question,” “ Growth and Dis- 
tribution of Population,” ‘“ Address at Soldiers’ Monument 
Dedication at North Brookfield,” “Money,” “Money and Its 
Relation to Trade and Industry,” “Principles of Political 
Economy,” and “History of the Second Army Corps in the 
Army of the Potomac.” 


JOHN BARNWELL CLEMENTS. 


Mr. Clements was born in London, England, in 1851. His 
parents came to America in 1859, and, settling in St. Louis, his 
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first education was received in that city. After graduation from 
the St. Louis University he entered thé Iron Mountain system, 
and worked himself up from a very subordinate position until 
he reached in a few years the grade of chief engineer; and 
upon the company’s consolidation with the Missouri Pacific 
system he became principal assistant engineer for the entire 
group of roads. While in these relations he was the immediate 
supervisor of the construction of the Oak Hill or Carondelet 
branch. In 1889 he resigned from the railway service to be- 
come vice-president and general manager of the Christy Fire 
Clay Company, and was also president of the St. Louis Sanitary 
Company, and largely interested in other industrial enterprises 
of his city. He made a principal specialty of adapting refractory 
material to specially exacting conditions, such as arise with 
special fluxes and with the high temperatures met in the manu- 
facture of glass. 

Too close application to business and the great number of 
engagements which his very successes in his profession had 
grouped about his life compelled him, in November, 1896, to 
retire in search of health to the Hot Springs of Arkansas. It 
is supposed that in a fit of mental depression, incident to his 
physical state, he took his life by his own hand, March 17, 1897. 
He connected himself with the Society previous to the St. Louis 
convention of 1896, in which he took active interest. 


JOHN KEESE HALLOCK. 


Mr. John Keese Hallock was born at Chagrin Falls, O., 
April 25, 1844. His father had been one of the early settlers of 
Erie County in 1820, to which they had moved from their old 
and early location on Long Island. As the son of a Methodist 
minister, Mr. Hallock’s education was carried on in a number 
of different places, but was completed in 1862 at the Academy 
in Waterford, after which he took up the study of law, and was 
admitted to the bar in Ohio in 1865, and in Pennsylvania in 
1867. He was for one year in the office of the Hon. A. B. 
Richmond, of Meadville. In 1868 he selected Erie as the centre 
for his practice, which a certain mechanical taste early directed 
into the channels of the patent attorney, and in which, besides 
the usual professional success, he is signalized by certain inven- 
tions of his own in the lines of industrial. chemistry, steam, and 
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electrical engineering. Mr. Hallock was a deputy United States 
marshal from 1869 to 1870, and one of the alternate commis- 
sioners for his State to the fair of 1893. He connected himself 
with the Society at its Scranton meeting in 1889 in the asso- 
ciate grade, and passed away April 2, 1897, from heart disease, 


after two years of suffering and practical retirement from active _ 


business. 
THEODORE RENO FOSTER. 


Mr. Foster was born April 6, 1865, at Fitchburg, Mass. After 
the usual preparatory public school training, he received the 
degree of B.S. at the Institute of Technology in June, 1886, and 
immediately upon graduation entered the Canadian Locomotive 
Works at Kingston, Ont., in the drawing room, from which he 
was transferred the following year to the drawing room of the 
Chicago, Burlington and Quincy Railroad at Aurora, IIl., and 
was promoted to the assistant master mechanic in 1883. In the 
following year he was transferred to Galesburg, IIl., but in 1894, 
on account of failing health, he was, at his own request, trans- 
ferred from Galesburg, IIl., to Billings, Mont., taking charge of 
the mechanical department of the Billings line, a part of the 
Burlington system. In 1896 he was made mechanical engineer 
of the Denver and Rio Grande Railroad, with headquarters at 
Denver, but, his health failing, he was compelled in February, 
1897, to retire from his chosen business, and he died at his home 
in Boston, April 15, 1897, from consumption. He became a mem- 
ber of the Society at the New York meeting of 1892. 


GEORGE H. PLATT. 


Mr. Platt was born May 7, 1854, in New Haven, Conn. After 
the usual preparatory school training, he became an apprentice 
in the machine shops of the New York, New Haven and Hart- 


ford Railroad in his native town, taking evening instruction in 


mathematics and drawing. He scived three years as journey- 
man, one year on the road, four years as foreman of the erecting 
gang, and eight years as foreman at the engine-house and repair 
shops at the Harlem River station of the New Haven road. He 
was in that relation when he connected himself with the Society 
in November, 1889. Since that time he has been in various 
departments of professional work, and at the time of his death 
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was engaged as assistant master mechanic of the Panama Rail- 
way, with headquarters at Colon, on’ the isthmus, receiving 
proper remuneration and fully enjoying a return to his old spe- 
cialty. He contracted a severe and rapid case of yellow fever 
in some unexplainable way, and died, after a brief illness, May 
23, 1897. 


JOHN HALDEMAN COOPER. 


In the death of Mr. John Haldeman Cooper there has passed 
away from the ranks of the mechanical engineers one of its 
widely known veterans. He was born at Columbia, Lancaster 
County, Pa., February 24, 1828. His parents were Quakers. 
He exhibited the tendency to mechanical pursuits even as a lad, 
devoting many of his early years to working both in wood and 
metal and at carpentering and machine making; but his pro- 
fessional career may be said to have begun in Baltimore in con- 
nection with the Northern Central Railway, and later in the 
drawing room of A. & C. Reeder, 1851-52. He served three 
years as draughtsman in the Norris Works at Norristown, Pa.; on 
mining and general machinery, and for several years on agricul- 
tural -machinery, in patented inventions, and in the water de- 
partment of Philadelphia. 

When the Civil War broke out he found a scope for his talents 
as an engineer in charge of the installation of the machinery in 
the United States monitors Lehigh, Sangamon, Monadnock, and 
Agamenticus during his one and three-quarter years’ connection 
with the I. P. Morris Company. Toward the close of the war 
he associated himself with Mr. Jacob Naylor, with whom he 
remained seventeen and one-half years. During this period he 
produced some of the earliest examples of s‘ationary compound - 
engine work. In 1881 he took a trip to California for the sake 
of his health, where he remained three years, and on his return 
became connected with the Southwark Foundry and Machine 
Company, with whom he remained until 1891. He became con- 
nected during these seven years with some very large work, par- 
ticularly the centrifugal pumping plant for the United States 
Navy Yard at Mare Island, Cal. Since 1891 Mr. Cooper has 
been consulting engineer and expert, giving special attention to 
the division of power plant practice which is connected with the 
cooling of condensing water. 
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Mr. Cooper is perhaps as well known for his treatises on 
belting as for any other of his literary achievements. He was 
a member of the Franklin Institute, and has served on its Com- 
mittee on Science and Arts for many years, which gave him an 
opportunity to prepare monographs of conspicuous merit; 


reports on compound locomotives and on the new forms of im- 


pulse water wheel are perhaps those of greatest note. He also 
contributed several papers of interest to the Society’s T'ransac- 
tions. He connected himself with the Society in May, 1880, and 
has thus the distinction of being one of its charter members. 
He died at his home in Philadelphia, May 9, 1897. 


JAMES EDMUND GRIST. 


Mr: James Edmund Grist was born October 10, 1864, at 
Wolverton, England. After a preparatory education in public 
school and home study, he was apprenticed at engine building 
and repair work with B. W. Grist & Company, of Reading, Pa., 
in 1879, and after three years in the shop was promoted to the 
drawing room and was made foreman of the machine shop in 
1884. In 1887 he removed to Philadelphia and was employed 
as foreman of a machine shop of the Pennsylvania Iron Works. 
Was made general foreman in 1890, and superintendent in 1892. 
This position he held until the time of his death, which occurred 
May 22, 1897. 

He connected himself with the Society in 1890 as a junior 
member. and was promoted to full membership in 1893. 


DE VOLSON WOOD. 


De Volson Wood was born near Smyrna, N. Y., in 1832. His 
early education was that of the public school, with an additional 
six weeks in a private academy and two terms in Cazenovia 
Seminary. In 1849 he began teaching, with which he has been 
occupied ever since, his subsequent education being received 
while he was himself instructing. Mr. Wood’s first charge was 
at Smyrna, his native town, where he taught for three terms. 
Desiring to continue his education, he then went to the Albany 
State Normal School, continuing, however, his work as instructor, 
and graduated thence in 1853. He then obtained his first posi- 
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tion as principal in the Napanoch School, Ulster County, N. Y., 
and there commenced teaching one week after his graduation. 
Returning to the closing exercises of the Albany Normal School 
during a week of vacation, the first he had had since he com- 
menced teaching in 1849, Mr. Wood was greeted by the princi- 
pal with the offer of an assistant professorship in mathematics. 
This offer he accepted, and at the beginning of the next scholas- 
tic year Professor Wood (as he now became) was a member of 
the faculty of the school from which he had graduated one year 
before. Still being desirous of extending his studies, after a 
year at the Albany Normal School he went to the Rensselaer 
Polytechnic Institute, Troy, in 1855, entering the junior class, 
but still did not give up teaching, as the preparatory depart- _ 
ment of the institute was being organized at that time, and he 
was asked to take charge of the mathematical studies of the 
preparatory students. He was thus enabled to pay for his 
entire education by the proceeds of his teaching. On gradu- 
ating at Troy with the degree of C.E., Professor Wood went 
West, although in rather troublous times, with introductions 
from the principals of the Albany and Troy schools, hoping to 
obtain a position in Chicago. Advised by a friend to go by 
way of the lakes instead of by rail, he stopped for a few days at 
Detroit and went to see the University of Michigan buildings at 
Ann Arbor. After hearing President Tappan, of the university, 
lecture, Professor Wood introduced himself, and was told of 
the non-appearance of a recently appointed professor of civil 
engineering. He consented to take the professor’s place for a 
few days, and remained there fifteen years, receiving during that 
time the honorary degrees of A.M. and M.Sc. from Hamilton 
College and the University of Michigan, respectively. During 
this time he organized the department of civil engineering at 
Ann Arbor, which is still a noted one, and retains evidences of 
his work, and among the since prominent men then under him 
were Brush of electric fame and Professor Webb of Stevens 
Institute. A record of Professor Wood’s journey westward, the 
queer chance which led to the obtaining of his University of 
Michigan professorship, and his trials, financial and otherwise, 
in his early work there before he obtained his full status as a 
professor, would form a most interesting history. Indeed noth- 
ing but lack of space prevents us recounting more of the 
delightful autobiographical anecdotes courteously related to our 
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reporter in a most entertaining interview. At about the time 
when the original building of Stevens Institute was completed, 
Professor Wood, by invitation of President Morton, came down 


' to look over the prospects of the new venture. Shortly after 
‘his return to Ann Arbor he received an offer of a professorship 


of mathematics and mechanics, and a desire to return East made 
him at once accept. The faculty of the University of Michigan, 
however, on hearing of his acceptance, at once increased his 
salary by five hundred dollars, and personally escorted him to a 
telegraph office that he might telegraph a recall of his accept- 
ance. Events in the ensuing year, however, caused Professor 
Wood to resolve that a repetition of such an offer should not be 


_ passed over so lightly, so a second offer from the Stevens trus- 


tees one year later caused his advent in 1872 to Stevens Insti- 
tute, where he has faithfully labored ever since. Possibly the 


- greatest satisfaction to Professor Wood is the success he has 


had in the class-room. Many of his pupils have returned, years 
after graduation, to compliment him on his success. Mr. Brush, 
the electrician, says, ‘‘ Prof. DeVolson Wood got more genuine 
study out of me than any other teacher I ever was under.” The 
American Mathematical Monthly says: 

“The civil, mechanical, and electrical engineers, architects, 
railroad managers and presidents, college professors and presi- 
dents, etc., who formerly were Professor Wood’s students, and 
who now are scattered over the whole world, would, if simul- 
taneously rounded up, form the most intelligent army that ever 
moved on the face of this mundane sphere.” 

Some years ago Professor Wood went on a trip through New 
Mexico and Colorado, and in the whole course of his journey 
he found that he only stopped at one place where he could not 
have been immediately identified at a bank by one of his former 
pupils. 

Professor Wood was a member of the American Society of 
Civil Engineers from 1871 to 1885. He has been a member of 
the American Association for the Advancement of Science since 
1879, and he was the vice-president of this association in 1885. 
He was a member of the American Mathematical Society, and an 
honorary member of the American Society of Architects ; he was 
the first president of the Society for the Promotion of Engineer- 
ing Education, and was the engineer of the Ore Dock, Mar- 
quette, Mich., in 1864. He was the inventor of “ Wood’s Steam 
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Rock Drill,” 1866 and later; and he was also the inventor of 
other machinery. 

In addition to being one of the pioneers of modern engineering 
theory and instructions, comparatively late in life he took up a 
new subject, thermodynamics, upon which he has written a most 
useful book. 

Among the articles contributed by Professor Wood to various 
magazines, books, etc., may be mentioned “ Alligation,” to the 
New York Teacher, and highly commended in Brook’s History 
of Arithmetic ; “ Foundations,” in Johnson’s Cyclopedia of Me- 
chanics, in Appleton's Cyclopedia of Mechanics ; “ Luminiferous 
Aether,” in the London Philosophical Magazine and in Van 
Nostrand’s Science Series, No. 85, and “Radiant Heat Not an 
Exception to the Second Law of Thermodynamics,” in the 
American Engineer. 

He has contributed to the American Mathematical Monthly, to 
the Michigan Journal of Education, the Journal of the Franklin 
Institute, the Railroad Gazette, the Mining and Engineering 
Journal, the National Educator, the Mathematical Visitor, the 
Analyst, Van Nostrand’s Engineering Magazine, the Educational 
Notes and Queries, the American Engineer, Science, the Annals 
of Mathematics, the New England Journal of Education, the 
Mathematical Magazine, the Engineer, the Barnes’s Educational 
Monthly, the Mathematical Messenger, and an article to the 
American Machinist which was largely quoted by prominent 
European engineering magazines, and is the author of the fol- 
lowing books: Trusses, Bridges, and Roofs, published in 1872 ; 
Wood’s Edition of Mahan’s Civil Engineering, published in 
1873; Treatise on the Resistance of Materials, published in 
1873 ; The Elements of Analytical Mechanics, published in 1876 ; 
Wood’s Edition of Magnus’ Lessons in Elementary Mechanics, 
published in 1878; Codrdinate Geometry and Quaternions, pub- 
lished in 1879; Key and Supplement to the Elements of Mechanics 
and Key and Supplement to the Mechanics of Fluids, both pub- 
lished in 1884; Zrigonometry, published in 1885; Thermody- 
namics, published in 1887 and enlarged in 1859 ; and Turbines, 
published in 1895. 

Professor Wood joined the Society in May, 1887. Advancing 
age and infirmities had been interfering with his active service, 
but his death, June 27, 1897, was sudden and unexpected at 
the last. 
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1110 MEMBERS DECEASED DURING THE YEAR. 


HENRY B, STONE. 


Mr. Stone was born in New Bedford, Mass., September 4, 
1851. After preparing for Harvard at Phillips Academy, he 
graduated in 1873, and at once entered the shops of the Boston 
Manufacturing ‘Company at Waltham. Finding a need for ad- 
vanced training, he became a student at the Massachusetts 
Institute of Technology during 1876-77, and in 1877 entered 
the ordnance foundry of the South Boston Iron Company. His 
best early fame was won on the Chicago, Burlington and Quincy 
Railway, which he entered at the Aurora shops, and in which 
he moved steadily upward, becoming superintendent of rolling 
stock and division superintendent, and in 1881, moving to Chicago, 
was made general manager and second vice-president. In May, 
1890, he left railroading to become president of the Chicago 
Telephone Company and the Central Union Telephone Com- 
pany, and later also the president of the Bell Telephone Com- 
pany of Missouri. These positions he resigned July 1, 1897, 
and his sudden death on July 5th was the result of a most 
deplorable accident from the premature discharge of a firework. 
He became a member of the Society at its outset in April, 1880. 
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